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[The  Three  Hundred  and  Eightieth  Ordinary  General 
Meeting  was  held  at  the  Institutioti  of  Civil  Engineers, 
Great  George  Street,  Westminster,  on  Thursday  evening, 
November  13,  1902^— Mr*  J.  Gavey,  Vice-President,  in 
the  Chain 

The  minutes  of  the  Annual  General  Meeting  held  on  May  22^  1902^ 
were  read  and  coji firmed. 

The  Chairman  ;  (ientlemen,  I  have  an  announcement  to  make 
which  I  am  sure  will  be  receivL^d  with  a  universal  expression  of  regret. 
Wc  all  met  here  to-night  in  the  hopes  of  hearing  a  moat  attractive  and 
instructive  address  from  our  President,  but  the  Council  has  been 
I  advised  that  he  is  too  ill  to  appear.  The  question  as  to  whether  the 
reading  of  his  address  should  be  dealt  with  by  deputy  to-night ^  or 
whether  it  should  be  postponed  until  the  President  himself  could  be 
present^  has  been  fully  considered.    Mr.  Swinburne^  in  order  to  prevent 

I  any  feehng  of  disappointment,  was  rather  anxious  that  il  should  be  read 
by  deputy,  but  the  CounciJ,  after  giving  the  question  the  most  earnest 
consideration,  came  to  the  conclusion  that  the  reading  of  the  Presi- 
dential address  in  the  President's  absence 'WOuld  be  something  like  the 
play  of  Hamlet  with  Hamlet  left  out^  and  it  determined  to  postpone 
tlie  reading  of  the  address  to  some  date  to  be  fixed  hereafter.     L  am 
sVire  you  will  all  unite  with  me  in  expressing  tlie  feeling  of  regret  at 
the  attack  of  illness  from  which  our  President  is  suffering,  an  attack 
^M  which  I  vetiture  to  hope  is  not  a  dangerous  one,  although  sufficiently 
^B^Tious  to  incapacitate  him  from  being  present  this  evening.     I  ask  you 
^^  to  authorise  the  Secretary  to  advise  Mr,  Swinburne  that  the  members 
present  unite  with  the  Council  in  an  expression  of  regret  at  his 
unavoidable  absence, 

The  names  of  new  candidates  for  election  into  the  Institution  were 
innounced^  and  it  was  ordered  th'dt  their  names  sho\\\d  be  ^w^pe^tvd^^ 
in  the  Libn7rr.  ;,  ■        *  ,  - 

Vol.  B2.  2 


2  TRANSFERS,   DONATIONS   TO  LIBRARY,  ETC.      [Nov.  18th, 

The  following  transfers  were  announced  as  having  been  approved 
by  the  Council: — 

From  the  class  of  Associate  Members  to  that  of  Members — 

G.  W.  Green.  |       A.  H.  Shaw. 

From  the  class  of  Associates  to  that  of  Members — 

Capt.  H.  B.  Jackson.  |       J.  \V.  Leyshon. 

F.  S.  Filling. 

From  the  class  of  Associates  to  that  of  Associate  Members — 

W.  F.  Bruce.  James  Nicolson. 

J.  K.  Dawson.  j      J.  G.  Scott. 

G.  L.  Eynon.  i       E.  M.  Sellon. 
LI.  L.  Foster.  Percy  Speedy. 

R.  W.  Hammond.  1      James  Whitcher. 

From  the  class  of  Students  to  that  of  Associates— 


R.  D.  T.  Alexander. 

J.  Bentley. 

H.  E.  Britton. 

E.  Brown. 

J.  F.  Caine. 

H.  H.  Clements. 
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P.  Good.  I      A.  R.  Walmsley. 

E.  V.  Watson. 

Donations  to  the  Library  were  announced  as  having  been  received 
since  the  last  meeting  from  Messrs.  Alby,  The  Astronomer  Royal,  Cassell 
&  Co.,  ''Colliery  Guardian,"  H.  Cuenod,  Editor  of  "Electricity,"  Insti- 
tute of  Mining  Engineers,  International  Engineering  Congress,  Glasgow, 
1901  ;  E.  Jona,  Maschinenfabrik  OerHkon,  Meteorological  Society,  B.  H. 
Morgan,  Patent  Office,  R.  E.  Peake,  Royal  Society,  Rev.  G.  H.  Staite, 
Teknisk  Forenings  Tidskrift,  W.  P.  Thompson,  Prof.  Wyssling,  1  and 
from  Dr.  H.  Wilde,  F.R.S.,    Honorary   Member;  Messrs.   C.   Bright, 

E.  Danvers,  L.  W.  de  Grave,  J.  J.  Fahie,  B.  T.  Fiinch,  R.  K.  Gray, 
Dr.  Alfred  Hay,  W.  P.  Maycock,  J.  W.  Meares,  G.  D.  A.  Parr,  Members  ; 
and  L.  Birks,  Associate  Member  ;  to  the  Building  Fund  from  Messrs. 
H.  O.  F.  Bindemann,  B.  G.  Burgess,  A.  J.  Cridge,  W.  P.  Digby,  H.  W.  W. 
Dix,  L.  Drugman,  S.  Evershed,  The  Finsbury  Technical  College  Engi- 
neering Society,  G.  Johnson,  J.  Kynoch,  C.  H.  McCarthy- Jones,  J.  C. 
Matthews,  C.  F.  Proctor,  H.  M.  Sayers,  E.  S.  Shoults,  H.  D.  Symons, 

F.  H.  Webb  ;  and  to  the  Benevolent  Fund  from  Mr.  F.  H.  Medhurst,  to 
whon^the  t^nks*<oih\ic^ryi&i\ng  were  duly  accorded. 


1903.J 


APPOINTMENT   OF   NEW   HON.   TREASURER. 


The  Chaihwax  :  I  have  very  great  regret  in  announcing  that 
several  deaths  have  occurred  since  our  lasst  Session*  Amongst  them 
are  those  of  Sir  Frederick  Abel,  who  was  elected  a  member  in  iS7i» 
and  President  in  1H77.  and  who  has  been  a  trnstec  since  1887 :  Dr. 
John  Hall  Giadstonc^  elected  a  member  in  rS^j,  and  a  member  o( 
Council  in  1B87  ;  and  Professor  Sidney  H.  Short»  elected  a  memhcr  in 
J 90 It  and  a  member  of  the  Sectional  Committee  on  Traction,  Light, 
and  Power  Distribution  during  igoi  and  1902,  I  have  no  doubt  that 
the  members  will  sympathise  very  heartily  with  the  friends  of  these 
gentlemen^  most  of  whom  have  for  so  long  been  associated  with  us, 

Appointment  oi^^  New  Hon.  TREAsURtck. 

I  have  another  announcement  to  make  which  I  feel  sure  will  be 
received  with  considerable  regret  by  all  our  members.  Our  Honorarj^ 
Treasurer,  Professor  W,  E.  Ayr  ton,  who  has  held  office  for  so  long  a 
time  in  various  capacities,  has  felt  himself  compelled,  partly  owing  to 
ill-health  and  partly  to  the  pressure  of  other  duties^  to  resign  his  office 
of  Honorary  Treasurer.  We  all  know  our  dear  and  respected  friend 
Professor  Ayrton.  He  was  one  of  our  very  early  members,  and  we  have 
followed  his  career  with  interest  and  best  wishes.  We  know  what  erudi- 
tion he  has  brought  to  bear  on  our  debates,  and  what  a  useful  member 
he  has  been  to  our  Institution.  He  has  also  devoted  a  vast  amount  of 
lime  and  attention  to  the  interests  of  the  Institution,  both  at  the  Council 
and  Committee  Meetings,  and  as  Honorary  Treasurer.  Many  of  you 
v%'ho  have  not  served  in  these  offices  %vill,  in  a  later  period  of  your  lives, 
when  called  upon  to  help  to  direct  the  destinies  of  an  Institution  of  this 
sortj  perhaps  appreciate  more  fully  than  mav  now  be  the  case,  the 
amount  of  work  and  tiie  sacrifice  of  valuable  time  that  is  necessary  in 
order  to  carry  to  a  successful  issue  the  affairs  of  our  Institution*  I  feel 
sure  that  you  will  all  unite  in  a  very  hearty  vote  of  thanks  to  Professor 
A>Tton  for  the  lengthy  and  honourable  service  that  he  has  rendered  to 
the  Institution. 

The  vote  was  carried  by  acclamation. 

The  Chairman  :  Gentlemen,  a  very  old  adage,  Lc  rot  est  mort^  vhe 
!c  roif  applies  in  this  instance  as  in  most  others,  I  am  happy  to 
announce  that  Mr,  Robert  Hammond  has  been  elected,  and  has  under- 
taken to  fill  the  onerous  office  of  Honorary  Treasurer  in  succession 
to  Professor  Ayrton, 


Visits  to  Italy  and  AMF^RiCAi 

The  Council  has  had  imdcr  consideration  the  continuation  of  those 
useful  visits  to  foreign  w^orks  which  were  inaugurated  a  few  years  ago, 
and  which  have  proved  to  be  so  successful  and  such  a  source,  not  only 
of  pleasure,  but,  may  I  venture  to  say,  of  educational  vahie  to  many  of 
our  members.  It  has  had'  under  consideration  the  arrangement  of  a 
visit  to  Italy  in  the  course  of  next  year,  and  I  am  now^  in  a  position  to 
announce  the  preliminary  arrangenients.  It  is  propo^ied  to  IfAMcX  v\h 
Lucerne  and  the  St  Gothmd  rautQ,  leaving  England  ort  T\\v\t^'\N  . 
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April  2,  1903,  and  arriving  at  Como  on  Friday,  April  3rd  ;  the  party  will 
leave  Como  for  Milan  on  Monday,  April  6th,  and  will  disperse  at  Milan 
on  Thursday,  April  9th,  the  day  before  Good  Friday,  so  that  the 
members  may,  if  they  wish,  spend  the  Easter  holidays  in  Italy,  or  in 
Switzerland,  en  route  home.  I  need  not  say  that  this  will  prove  a 
very  interesting  visit.  Our  co-engineers  in  Northern  Italy  have  availed 
themselves  to  the  utmost  of  the  great  water  powers  that  are  stored  up 
in  the  Alps,  and  we  may  anticipate  not  only  a  most  instructive  but, 
from  the  picturesque  point  of  view,  a  most  pleasant  and  interesting 
journey. 

I  have  further  to  announce  that  the  Institution  has  received  an 
invitation  from  the  American  Institute  of  Electrical  Engineers  to 
visit  the  United  States,  and  to  hold  a  joint  meeting  there  or  in  Canada. 
I  have  been  asked  to  read  this  letter  on  account  of  its  warmth  of  tone 
and  the  welcome  that  it  offers  to  the  members  of  this  Institution  : — 


"American  Ixstitutr  of  Electrical  Engineers. 

New  York,  July  21,  1902. 
"  Institution  of  Electrical  Engineers, 
Victoria  Mansions, 

28,  Victoria  Street, 
London,  S.W. 

"  Gentlemen, — ^I'here  has  been  a  growing  desire  among  the  members 
of  the  American  Institute  of  Electrical  Engineers  that  arrangements 
should  be  made  for  an  official  visit  of  its  sister  society,  the  Institution  of 
Electrical  Engineers,  to  this  country  in  the  near  future.  This  desire 
has  been  fostered  and  stimulated  by  the  pleasant  recollections  of  those 
of  our  members  who  attended  the  joint  meeting  of  the  two  Societies  at 
Paris  in  1900,  more  especially  by  those  who  had  the  good  fortune  to 
participate  in  the  enjoyable  programme  of  entertainments  and  social 
courtesies  extended  to  the  American  Institute  of  Electrical  Engineers 
by  the  Institution  and  its  friends  in  England,  prior  to  the  Paris 
meeting. 

"This  desire  has  just  found  formal  expression  before  our  Institute  ; 
and  I  have  great  pleasure  in  officially  informing  you  that  at  the  recent 
Annual  Convention  held  at  Great  Harrington,  Mass,  June  18  to  21, 
1902,  it  was  decided  by  unanimous  resolution  that  the  American 
Institute  of  Electrical  Engineers  do  invite  the  Institution  of  Electrical 
Engineers  of  Great  Britain  to  take  part  in  a  joint  meeting  in  this 
country.  The  time  and  place  were  left  undecided,  the  details  of 
arrangement  being  referred  to,  and  placed  in  the  hands  of,  the 
Committee  on  Meetings.  There  were  several  reasons  why  it  was 
deemed  inexpedient  to  fix  definitely  the  date  and  place  in  the  resolution 
aforesaid,  which  reasons  I  will  proceed  to  explain. 

"Suggestions  were  made  and  considered  at  the  Convention  con- 
templating a  joint  meeting,  either  during  "the  year  1903  or  the  year 
1904.  The  Committee  on  Meetings  is  desirous  that  the  Institution  of 
Electrical  Engineers,  as  the  intended"  guest  of  the  American  Institute 
of  Electrical  Engineers,  should  first  be  consulted  and  should  be  allowed 
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to  express  its  preference  in  regard  to  both  the  time  and  llic  place  of 
meetiiig,  before  fixing  the  same,  in  order  to  avoid  deranging  any  pliiiis 
which  the  Institution  might  have  made  definitely  or  niiglit  have  in  view 
for  the  year  iy04.  For  this  reason,  instead  of  submitting  a  definito 
programme  and  tendering  a  delinitc  invitation  to  the  Institntiun,  tt  is 
deemed  preferable  to  submit  to  the  Institution  the  outline  of  two 
alternative  plans, 

''  The  first  plan  contemplates  a  meeting  of  the  American  Institute  of 
Electricat  Engineers  at  Montreal  in  the  year  1903.  At  the  recent 
Annual  Convention  just  referred  to,  a  very  cordial  invitation  was 
extended  to  the  Institute  by  the  McGill  University  at  Montreal,  to  hold 
its  Convention  of  1903  in  the  Canadian  metropoliiJ.  It  was  recognised 
and  universally  admitted  that  such  a  convention  would  be  more 
important  and  enjoyable  if  the  Institution  could  also  arrange  to  meet 
with  us  on  that  occasion*  In  such  case  there  would  doubtless  be  a 
programme  of  reception  and  entertainment  in  New  York,  either  prior 
or  subsequent  to  the  meeting  in  Montreal 

"The  second  plan  would  be  to  defer  the  joint  meeting  until  the 
yeiii*  1904,  that  being  the  year  dnriiig  which  the  Louisiana  Purchase 
Exposition  is  to  be  held  at  St.  LouiSj  Mo.  This  Exposition  promises 
to  be  a  very  important  affair,  stnce  over  thirty  million  dollars  will  be 
expended  in  carrying  out  the  elaborate  and  comprehensive  plani  of  the 
Exposition  Comjnittee.  It  is  proposed  to  hold  various  Congresses, 
including  an  International  Electrical  Congress^  at  St.  Louis  during  the 
Exposition,  In  view*  of  these  facts^  the  Committee  think  that  many 
members  might  prefer  to  huve  the  official  visit  of  the  Institution 
deferred  until  the  year  1904.  In  such  case,  the  joint  Convention 
would  be  held  in  the  eastern  section  of  this  country,  where  the 
American  Institute  would  be  pleased  to  entertain  lis  foreign  guests. 
Our  members  could  subsequently  proceed  with  them  to  the  Exposition 
and  Congress  at  St.  Louis. 

**  It  is,  therefore,  my  pleasure  to  submit  the  Institution  of  Electrical 
Engineers^  on  behalf  of  the  Ameriean  Institute  of  Electrical  Engineers, 
u  hearty  invitation  to  meet  with  us  during  the  season  of  1903  to  1904. 
as  may  seem  to  the  Council  of  the  Institution  the  more  convenient  and 
desirable, 

**As  already  stated,  it  is  the  desire  and  purpose  of  the  Institute  to 
conform  to  the  future  plans  of  the  Institution,  in  order  that  the  hu^gesl 
I   possible  number  may  participate  in  the  Convention.     The  Committee 
I  on  Meetings  will  begin  the  work  of  preparing  a  programme  as  soon  as 
w^e  receive  from  you  an  intimation  of  your  preference  and  desires  In 
the  matter. 
L        ''Trusting  that  we  may  unite  in  perfecting  a  plan  that  will  redound 
I  tu  the  interests  of  hoth  Societies,  I  have  the  honour  to  remain > 
I  "Yours  most  ruspectfuUyp 

I  (Signed)  CHAKLtis  W  STKiXMETX,  President." 

I        On  account  of  the  Italian  visit,  the  American  visit  couid  not  be 
I  arranged  for  1903  ;  hence  it  is  accepted  for  1904.  , 
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GEXER.VL  AXXOUXCEMENTS. 

I  have  further  to  announce  that  a  deputation  of  the  Council  has 
recently  waited  on  the  President  of  the  Board  of  Trade  in  connection 
with  the  proposed  revision  of  the  Board  of  Trade  Regulations.  The 
matter  is  not  ripe  now  for  definite  announcement  of  resolutions,  but  it 
is  hoped  that  full  particulars  may  be  furnished  to  the  members  at  a 
future  date. 

The  Council  has  been  in  correspondence  with  the  Home  Office  in 
regard  to  the  Factory  Act,  and  has  been  assured  that  a  full  opportunity 
will  be  afforded  for  the  discussion  of  the  new  Regulations  before  they 
are  adopted.  The  Council  further  have  reason  to  hope  that  the 
Secretary  of  State  may  see  his  way  to  take  such  steps  as  he  can  under 
the  present  Act  of  Parliament  to  assist  the  profession  in  regard  to  the 
employment  of  young  persons  in  electricity  works. 

I  have  also  another  satisfactory  announcement  to  make,  namely, 
that  the  President  of  the  Institution  of  Electrical  Engineers  has  been 
appointed  cv  officio  to  serve  on  the  Committee  nominated  by  the  Home 
Office  to  inquire  into  questions  relating  to  the  use  of  electricity  in 
mines. 

On  the  subject  of  professional  etiquette  the  Council  has  issued  a  code 
for  the  convenience  of  members,  and  has  published  it  in  the  technical 
press.  I  presume  that  all  the  members  have  made  themselves  acquainted 
with  the  details,  and  that  it  is  unnecessary  for  me  to  dwell  further  on 
the  subject. 

SUUSCRIPTIOXS  AXD   SCIENCE  ABSTRACTS, 

Now  I  approach  what  may  be  possibly  considered  a  very  burning 
question,  that  relating  to  subscription  rates  and  the  issue  of  Science 
Abstracts.  On  June  9th,  when  the  circular  in  relation  to  the  proposed 
alteration  of  the  rates  of  subscription  was  issued,  the  Council  felt  that  it 
was  imperatively  necessary  to  increase  the  amount  of  the  funds  at  its 
disposal.  The  question,  I  need  not  tell  you,  has  received  very  earnest 
consideration,  and  the  letter  referred  to  was  issued  in  order  to  elicit  the 
opinion  of  the  members  generally.  A  considerable  number  of  the 
members  have  replied,  and  have  expressed  their  views.  I  think  I  may 
say  that,  generally  speaking,  they  are  prepared  to  support  the  Council 
in  the  measures  that  it  considers  necessary  to  adopt  for  the  benefit  of 
the  Institution.  As  the  result  of  the  fullest  consideration,  not  only  of 
the  question  itself  but  of  the  views  expressed  by  the  members,  the 
Council  is  now  prepared  to  recommend  rates  which  I  propose  to  read 
to  you.  It  considers  that  at  the  present  time  the  rates  must  be  levelled 
up  to  the  ordinary  maximum  of  each  class.  Furtlier,  it  has  considered 
that  it  is  reasonable  and  desirable  to  differentiate  between  members 
resident  abroad  and  those  at  home,  who  get  all  the  privileges  of  mem- 
bership and  who  are  able  to  attend  the  meetings  in  London  or  the 
sectional  meetings  that  have  been  established  in  the  Provinces.  The 
recommendations,  therefore,  are  that  the  whole  of  the  Members  in  this 
country  shall  pay  a  uniform  rate  of  three  guineas,  which  is  the  ordinary 
rate  at  which  new  Members  enter,  and  that  M.evwbers  residing  abroad 
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^^^11  pay  two  guineas;  AssDciate  Members  at  home  hIiuII  pay  Iwo 
Pideas,  and  abroad  one  and  a  half  guineas ;  Associates  at  home  two 
ii^inua.s,  aiid  abroad  one  and  a  half  guineas. 

Now  r  conie  to  another  question  dealing  wUh  the  students,  rndcr 
%  present  regulations,  a  student  after  remaining  In  the  class  of  students 
for  three  years  is  compelled  lo  becofiie  either  an  Associate  or  an  xVsso=^ 
ciate  Member,  or  to  leave  the  Institution  ;  but  it  is  proposed  now  to 
divide  the  students  into  two  classcSi  namely,  students  junior  and  students 
senior.  For  the  first  three  years  of  a  student's  connection  with  the 
Institution  he  will  pay  a  guinea  annually^  or  if  he  bL*  then  under  22  years 
of  age,  until  he  attains  that  age  ;  but  he  may  then,  if  he  wis^h*  and  if 
under  26  years  of  age,  remain  until  he  is  26  as  a  senior  student  at  the 
annual  payment  of  one  and  a  half  guineas,  A  meeting  of  Ibc  full 
members  of  the  Institution  will  shortly  be  callcdn  and  these  proposals 
will  be  laid  before  them  for  consideration. 

I  now  come  to  the  question  of  Science  Abstractn.  This  question  hiis 
engaged  the  attention  of  the  Council  very  seriously  for  a  ]oi>g  lime, 
ScJencc  Absinicis^  I  need  not  say,  is  a  most  valuable  publication  to  all 
interested  in  the  progress  of  our  science.  But  the  cost  of  its  production 
has  increased  and  is  increasing,  and  from  time  to  time  the  question  of 
what  amount  the  Council  could  afford  to  pay  as  its  sharu  of  this  cost 
has  had  to  be  debated.  Now  it  has  t>een  felt  that  the  free  and  gratui- 
tous distribution  of  Scunce  Abstnicts  to  all  and  sundry  of  the  meaibers, 
whether  they  value  the  publication  or  not,  was  perhaps  a  mistake. 
Instead  J  therefore,  of  adhering  to  the  practice  of  the  free  issue  of 
Scknce  A  bstmcts  to  all  classes  of  members,  the  Council  concluded  that 
if  the  rates  that  I  have  announced  w*ere  combined  with  a  moderate 
subscription  from  those  who  required  the  issue  of  Siicnn'  AbsirUiiH,  the 
equity  of  the  case  would  be  best  met  as  applied  to  the  whole  of  the 
members  generally.  The  proposal^  therefore,  is  that  those  members 
who  wish  to  be  furnished  with  copies  of  Saeme  Abstracts  shall  have 
their  wishes  met  on  the  payment  of  an  annual  subscription  for  both 
parts,  that  iS|  physical  and  engineering,  of  7s.  6d>  per  annum,  or  the 
engineering  portion  alone  for  5s,  I  think  tliat  deals  broadly  wilh  the 
gcnend  question  of  funds.  I  may  say  in  relation  to  these  proposals 
that  the  ordinary  publication  price  of  Science  Abstracis  h  24s,  ptr  annum. 


AppROACHisG  Award  of  Willaxs  Premium. 

I  am  further  asked  to  announce  in  reference  to  the  Willans  Premium 
to  he  awarded  by  this  Institution  in  December^  J*P3i  the  Council  will, 
under  the  Trust  by  which  it  is  buund,  award  the  Willans  Premium  '*  to 
the  best  original  paper  contributed  to  the  Institution  deahng  with  such 
I  a  general  subject  as  the  titihsation  or  transformation  of  energy  treated 
specially  from  the  pouit  of  view  of  efticicncy  and  economy,  and  that 
the  premium  shall  not  be  awarded  unless  a  paper  of  sufltcient  merit,  in 
the  judgment  of  the  Awarding  Council^  shall  have  been  so  commnni* 
catcd  since  the  preceding  award  of  that  Council." 

The  premiums  reported  in  the  AiinmU  Report  presented  in  May^ 
*  193 2 J  were  then  presented. 


TKANSFEKS,  DONATlOX  TO  LIBRARY.        [Dec.  4th, 


The  Three  Hundred  and  Eighty-second  Ordinary  General 
Meeting'  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  Great  George  Street,  Westminster, 

*  on  Thursday  evening,  December  4th,  1902 — Mr.  J. 
SwiNBi^RNE,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  (General  Meeting  held  on  November 
22,  1902,  were  read  and  confirmed. 

The  names  of  the  candidates  for  election  into  the  Institution  were 
announced,  and  it  was  ordered  that  these  names  should  be  suspended 
in  the  Library. 

The  following  transfers  were  announced  as  having  been  approved 
by  the  Council  : — 

From  the  class  of  Associates  to  that  of  Members — 

Reginald  Robert  Todd. 

From  the  class  of  Associates  to  that  of  Associate  Members — 

Gerald  Carlyle  Allingham.  John  Henderson. 

H.  Horns.  Alfred  Edward  Jackson. 

Frank  Cobden  Briggs.  !  Louis  Campbell  Login. 

Denis  Ripley  Broadbent.  1  Owen  David  Lucas. 

Frederick  W.  Close.  Rowland  Marshall. 

Percy  Rhodes  Cobb.  |  Francis  Miller. 

Walter  Eynon.  Walter  Victor  Morten. 

Robert  Loraine  Gamlcn.  !  Arthur  Holroyd  Sears. 

Harry  Philip  Gaze.  Charles  Arthur  Slater. 

Harry  Percy  Girling.  |  David  Smith. 


Alexander  Glegg. 
Sehvyn  Seafield  Grant. 
Reginald  Charles  Harpur. 


David  Brown  Walker. 
Charles  Aspull  Wells. 
C.  Barnard  Wigg. 


Reginald  Page  Wilson. 
From  the  class  of  Students  to  that  of  Associates- 
William  Hunton. 

Messrs.  H.  G.  Wood  and  P.  G.  Timms  were  appointed  scrutineers 
of  the  ballot  for  the  election  of  new  members. 

A  donation  to  the  Library  was  announced  as  having  been  received 
since  the  last  meeting  from  Dr.  H.  Borns,  to  whom  the  thanks  of  the 
meeting  were  duly  accorded. 

'  This  was  an   Extra  Meeting  called  to   enable   membei-s  to  hear  the 

President's  Address,  postponed  from  the  Meeting  of  November  13th.     It  is 

therefore  printed  out  of  order,  and  before  the  Vroceed\vv^%  ol  \sQ\«.mber  27th. 
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The  PKKSiDiiNT  :  Before  delivering  my  formal  address  I  would  Uke 
first  of  all  to  tbank  the  Council,  and  what  is  the  same  thing,  to  thank 
tliL'  Iniititution,  for  the  kind  way  they  treated  me  a  fortnight  ago  when 

I  J  was  unable  to  read  iiiy  address. 

I  also  desire  to  refer  to  the  work  of  my  predecessor,  Mr.  Langdoih 
Wc  are  all  very  sorry  that  Mr.  Langdon  is  not  here  to-night.  I  do  not 
think  it  could  do  any  harm  for  this  Institution  to  realise  if  possible  a 
little  more  the  work  that  Mr.  Langdon  did  for  us.  Mn  Langdon  w^ajj 
handicapped  ver}' severely,  to  begin  with,  by  living  up  in  the  Midlands* 
In  spite  of  that  he  attended^ I  forget  how  many — but  something  Uke 
Hz  or  g2  Council  and  Committee  Meetings.  If  any  one  of  you  who  is 
living  a  busy  professional  life  in  London  realises  what  it  would  be  to 
attend  80  or  go  meetings  in  Birmingham,  he  will  understand  the  sort 
of  self-denying  work  that  Mr.  Langdon  did  for  this  Institution.  In 
addition  to  that,  Mr.  Langdon's  health  was  not  very  good,  and  I  think 
he  sacriitced  himself  on  behalf  of  the  Institution  severiil  times.     Also  I 

,  wish  to  refer  to  a  rather  marked  change  of  policy  in  the  Institution 
during  Mr.  Langdon's  Presidency,  We  owe  in  a  great  respect  to 
Mr-  Langdon  the  change  in  the  attitude  of  the  Institution  towiu-ds 
making  it  more  Loinmercial,  and  keeping  it  more  in  touch  with  the 
purely  technical  part  of  our  large  interests.  Mr.  Langdon  took  a  very 
keen  interest  in  all  the  w^ork  of  the  Institution,  and  I  may  mention 
particularly  the  questions  which  ended  m  a  deputation  to  the  President 
cjf  the  Board  of  Trade,  You  remember  that  I  was  spokesman  on  that 
occasion,  but  as  a  matter  of  fact  I  liad  only  just  come  into  offtce,  and 
the  whole  of  the  work  was  really  done  by  Mr.  Langdon^at  least  tlie 
Avhole  of  the  Presidential  work — and  we  owe  a  great  deal  to  him  for 
any  good  that  may  have  come  indirectly —and  I  believe  a  great  deal  of 

t^ood  has  come— from  the  action  of  the  Institution  in  that  matter. 


SOME    LIMITS    IK    HEAVY    ELECTRICAL 
ENGINEERING. 

INAUGURAL  ADDRESS  BY  THE  PRESIDENT, 


James  Swinburne. 


Argument. 

Two  kinds  of  hmit. — Electrical  means  scientific  engineering. — 
Engineering  is  Science. — Unapplied  and  applied  science  com- 
plementary.— Engineering  includes  both  raw*  and  finished  science* 
' — Raw  science  important. —  Unfortunate  attitude  of  mw  towards 
finished  science,^ — Development  of  tidal  power  not  practical.— 
Fictitious  value  attributed  to  water-powers. — Electrical  energy 
direct  from  coal  a  dream, — Limits  of  efficiency  of  steam  engine. 
— Steam  and  SO  a- — fMotes.  Units,  Entropy.)^  Limits  of  gas 
•engine. — Large  margm  for  improvenieut.^^ — Dynamos  and  trans- 
formers near  Umit.^Secondary  battery  progress  hmited  chemi- 
cally.— Little  chance  of  great  improvement.— Cables  made 
empirically  ;    room  for  advance  in   insula tioUi  but   not   in   con- 
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The  Three  Hundred  and  Eightieth  Ordinary  General 
Meeting  was  held  at  the  Institution  of  Civ^il  Engineers, 
Great  George  Street,  Westminster,  on  Thursday  evening, 
November  13,  1902 — Mr*  J.  Gavey,  Vice-President,  in 
the  Chair. 

The  minutes  of  the  Annual  General  Meeting  held  on  May  22,  1902^ 
[were  read  and  confirmed. 

e  Chairman  :  Gentlemen,  I  have  an  announcement  to  make 
which  I  am  sure  wiE  be  rectrived  with  ^  universal  expression  of  regret* 
We  alt  met  here  to-nigbt  in  the  hopes  of  hcitring  a  most  attractive  and 
instructive  address  from   our   President,   but  the   Council   has  been 

[advised  that  he  is  loo  HI  to  appear.    The  question  as  to  whether  tlie 

'reading  of  his  address  shoutd  be  dealt  with  by  deputy  to-night,  or 
whether  it  should  be  postponed  until  the  President  himself  could  be 

Lpresent,  has  been  full}^  considejed,  Mr,  Sw^inburiie,  in  order  to  prevent 
iny  feehng  of  disappointment,  was  rather  anxious  that  it  should  be  read 
by  deputy,  but  the  Council,  after  givin|^  the  question  tlie  most  earnest 
consideration,  came  to  the  conclusion  that  the  reading  of  the  Presi- 
dential address  in  the  President's  absence  would  be  something  like  the 
ilay  of  Hamlet  with  Hamlet  left  out*  and  it  determined  to  postpone 
the  readin^j  of  the  address  to  some  date  to  be  fixed  hereafter.  I  am 
sbre  you  will  all  unite  with  me  in  expressing  the  feehng  of  regret  at 

the  attack  of  illness  from  which  our  President  is  suffering,  an  attack 

Ia'hrch  1  venture  to  hope  is  not  a  dangerous  one,  although  sufficiently 
icrious  to  incapacitate  liim  from  being  present  this  evening.  I  ask  3^0 n 
o  authorise  the  Secretary  to  advise  Mr.  Swinburne  that  the  members 
lere  present  unite  with  the  Cotmcil  in  an  expression  of  regret  at  his 
lUavoidable  absence. 
The  names  of  new  candidates  for  election  into  the  Institution  w^ere 
nnonnced,  and  it  was  ordered  that  their  names  should  V>e  ^sVX'spvivvic^ 
in  the  Lj br/irr.  u  '        ,   ^  *         * 
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The  Three  Hundred  and  Eightieth  Ordinary  General 
Meeting  was  held  at  the  Institution  of  Civil  Engineers, 
Great  George  Street,  Westminster^  on  Thursday  evenings 
November  13,  1902 — Mr*  J.  Gavey,  Vice-President,  in 
the  Chain 

The  minutes  of  the  Annual  General  Meeting  held  on  May  22,  1902, 
were  read  and  con  finned. 

The  Chairman  :  Cientlemen,  I  have  an  announcement  to  make 
which  I  am  sure  will  be  received  with  a  universal  expression  of  regret, 
We  all  met  here  to-night  in  the  hopes  of  hearing  a  most  attractive  and 
instructive  address  from  our  Fresidcnt^  but  the  Council  has  been 
advised  that  he  is  too  ill  to  appear*  The  question  as  to  whether  the 
reading  of  his  address  should  be  dealt  with  by  deputy  to-niglit,  or 
whether  it  should  be  postponed  until  the  President  himself  could  be 
present,  has  been  fully  considered,  Mr.  Swinburne,  in  order  to  prevent 
aoy  feeling  of  disappointment,  was  rather  anxious  that  it  sliould  be  read 
by  deputy,  but  the  Council,  after  giving  the  question  the  most  earnest 
consideration  J  came  to  the  conclusion  that  the  readuig  of  the  Presi- 
dential address  in  the  President's  absence  would  be  something  like  the 
play  of  Hamlet  with  Hamlet  left  out,  and  it  determined  to  postpone 
the  reading  of  the  address  to  some  date  to  be  fixed  hereafter,  1  am 
sUre  you  will  all  unite  with  me  in  expressing  the  feeling  of  regret  at 
the  attack  of  illness  from  which  our  President  is  suffering,  an  attack 
which  I  venture  to  hope  is  not  a  dangerous  one,  although  sufficiently 
rious  to  incapaeitate  him  from  being  present  this  evening.  I  ask  you 
o  authorise  the  Secretary  to  advise  Mr,  Swinburne  that  the  members 
here  present  unite  with  the  Council  in  an  expression  of  regret  at  his 
navoidable  absence, 


The  names  of  new  candidates  for  election  into  the  Institution  were 
announced,  and  it  was  ordered  that  their  names  should  be  suspended 
in  the  Library.  Il   "       .  >  : 
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Tides. 

The  tides  are  often  referred  to  as  a  possible  source  of  energy  even  to 
this  day  ;  and  it  is  urged  that  in  places  where  the  tide  rises  abnormally, 
for  instance  in  the  estuary  of  the  Severn,  it  would  pay  to  make  a  dam 
with  turbines.  The  sort  of  argument  is  that  if  you  have  an  area  of,  say, 
i,ooo  square  metres,  and  a  total  rise  of  15  metres,  you  have  15,000  cubic 
metres  of  water,  and  as  this  runs  in  twice  and  out  twice  a  day,  you 
have  15,000  cubic  metres  of  water,  falling  the  equivalent  of  60  metres 
a  day ;  or  approximately  100  kilowatts.  This  statement  contains  many 
fallacies.  In  the  first  place,  in  order  to  get  the  full  advantage  of  the 
difference  of  level  the  water  must  be  let  in  and  out  at  high  and  low  tide 
only.  Even  then  the  equivalent,  or. average  head  during  discharge  or 
charge,  is  only  7^  metres.  But  a  system  which  gave  an  enormous 
power  for  a  very  short  time  four  times  a  day  would  be  of  no  use.  The 
plant  would  be  expensive,  and  the  result  of  no  value.  With  a  single 
tank  it  is  impossible  to  get  a  continuous  output.  If  the  tide  is  coming 
in,  and  you  get  power  by  letting  the  tide  fill  the  tank,  the  power  will 
decrease  to  zero  as  the  tide  begins  to  fall  and  comes  to  the  same  level 
as  the  water  in  the  tank.  It  is,  therefore,  necessary  to  have  more  than 
one  tank.  To  make  the  plant  practical  you  want  fairly  constant 
pressure  available  on  the  turbines,  though  you  may  waste  head  by 
sluices  or  valves.  Then  the  tank  may  be  divided  up  into  three,  one  of 
200,  and  two  of  400  square  metres.  The  small  one  is  emptied  at  each 
low  tide  and  filled  at  each  high  tide.  Starting  at  half  tide,  with  the  tide 
rising,  and  the  200  and  one  400  metre  vat  empty,  and  the  other  400 
q'uite  full,  the  small  tank  takes  in  water  at  such  a  rate  that  at  high  tide 
it  is  half  full.  It  thus  takes  in  1,500  cubic  metres  of  water  with  a 
useful  head  of  ji  metres  for  three  hours.  This  gives  10  kilowatts. 
At  full  tide  the  large  empty  tank  is  allowed  to  fill  through  a  turbine 
working  on  3 J  metres,  but  taking  twice  as  much  water  per  minute,  and 
this  goes  on  till  half  ebb  tide.  The  small  tank  is  rapidly  filled  to  high 
tide  level.  At  half  tide  the  large  tank  has  3}  metres  of  water,  and  the 
head  is  getting  too  small,  so  the  small  tank  is  now  allowed  to  empty  for 
three  hours  with  ji  metres  fall,  until  low  tide.  From  low  tide  to  half 
tide  the  second  large  tank  is  emptying  from  the  15  to  the  iii  metre 
level.  By  means  of  these  tanks,  of  total  area  of  1,000  metres,  and  two 
turbines  and  one  dynamo  we  thus  get  10  kilowatts  going  into  the 
turbines.  If  the  tide—and  the  neap  tide  must  be  taken— is  only,  say, 
4  metres,  we  only  get  700  watts  !  No  doubt  the  tanks  and  turbines 
might  be  worked  somewhat  more  profitably  than  I  have  sketched,  but 
there  can  be  little  margin.  Turbines  to  work  on  variable  pressures,  or 
any  sort  of  storage,  mean  more  capital  expenditure,  and  it  is  the 
great  capital  expenditure  that  wrecks  tide  schemes.  It  is  often 
said  that  a  Norwegian  fiord  or  a  Scotch  loch  could  be  easily  dammed 
and  utilised  ;  but  it  would  be  impossible  to  find  three  lochs  all 
opening  out  together.  The  need  for  more  than  one  reservoir  does 
not  seem  to  have  been  recognised.  In  addition  the  demand  for' 
electrical  energy  on  Scotch  lochs  or  Norwegian  fiords  is  rather- 
linute. 
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Water  Power, 


Some  years  ago  there  was  a  great  deal  of  excitement  about  llie 
development  of  water  powers,  Tlic  posisibility  of  *'  harnessinj^  Niagara  " 
and  tiHIising  water-fall?;  all  over  the  world  was  hailed  as  a  great  triumph 
over  Nature,  and  the  idea  was  that  power  could  be  got  for  nothing, 
and  industries  would  all  migrate  from  coal  districts  to  the  neighbour- 
hood of  water  powers.  The  daily  press  and  the  magazines  took  the 
matter  up,  and  there  is  something  in  the  idea  of  saving  some  of  the 
colossal  waste  of  natural  energy  that  appealed  especially  to  the  lialf- 
sdentific  or  unpractical  reader.  At  the  time  of  the  excitement  it  was 
pointed  out,  largely  in  vain,  that  water  power  did  not  cost  nothing, 
hecause  the  development  of  a  fall  demanded  a  good  deal  of  capital, 
whose  interest  and  depreciation  bad  to  be  paid.  But  further  than  this, 
Ricardo's  theory  of  rent  is  applicable  to  water  powers  a,s  well  as  to 
arable  land.  If  steam  power  costs  a  farthing  a  unit,  atid  if  water  power^H 
at  the  same  place  can  be  produced  for  half  a  farthing,  after  paying^ 
working  expenses  and  interest^  the  owner  of  the  water  power  will  claim 
the  odd  half  farthing  as  rent,  or  will  |iist  allow  the  water  powTr  enough 
to  encourage  the  production  of  a  new  thing.  As  a  rnle,  however,  a 
water  power  is  not  where  it  is  w^anted  industriall3%  la  the  nature  of 
things  water  powers  are  generally  in  hilly  countries,  and  are  seldom 
near  the  sea.  The  result  is  tlmt  a  water- power  as  a  rule  cannot 
command  the  same  price  as  steam  or  gas,  because  it  is  not  where  it  is 
wanted.  The  idea  in  starting  many  of  the  water- power  stations  also 
was  that  works  which  needed  power  vt^ould  come  and  settle  near.  As 
a  matter  of  fact  the  cost  of  power  is  a  much  smaller  item  in  most 
industries  than  is  generally  supposed,  and  it  does  not  pay  to  start  a 
works  in  an  otherwise  not  perfectly  suitable  locality,  simply  for  the  sake 
of  the  cheap  water  powder.  In  such  industries  as  engine  building,  flour 
milling,  spinning  and  weaving,  and  so  on,  the  chance  of  reducing  the 
expense  for  power  is  not  enough  to  overcome  other  considerations.  It 
may  said  that  in  electro- metallurgical  processes  the  whole  cost  is 
practically  the  electrical  energy,  and  so  carbides,  aluminium^  and 
electrolytic  soda,  and  chlorate  of  potash  will  be  made  at  water  powers. 
Kven  this,  how^ever,  is  misleading.  Carbides  and  alumininm  are 
generally  made  at  water-falls,  and  chlorate  nearly  always  is.  Electro- 
lytic soda  and  bleach  are  made  at  water  powers,  but  are  also  made 
extensively  by  steam-driven  plant.  Against  the  cheaper  power,  w^e 
have  to  put  extra  carriage  for  materials  and  for  coal,  which  is  often 
needed  in  addition,  and  extra  carriage  for  finished  products,  and  very 
often  extra  cost  of  labour,  as  labour  is  often  dear  and  bad  in  water- 
power  districts.  Let  us  take,  as  an  example,  calcium  carbide.  The 
general  idea  is  that  the  electrical  energy  is  practically  the  whole  cost  of 
the  carbide.  Taking  present  practice,  however,  a  kilow^att  makes  about 
two  tonnes,  or  say  two  tons  of  carbide  a  year.  The  difference  between 
water  at,  say,  £2  los.  and  £$  a  kilowatt  year  is  thus  £1  5s,  a  ton  in  cost. 
The  price  of  carbide  may  be  taken  at  ;^'i3  ros.  a  ton,  so  doubling  the  ^ 
cost  of  power  instead  of  nearly  doubling  the  price  oi  t\ve  caTHd^  'WQuX^f 
incTcase  it  .^t  Hi  tie  wore  fh^u  10  per  cent,    DiKcrence  'm  \QC.a\  (lo^V  o^ 
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coke,  lime,  and  labour,  coupled  with  cost  of  carriage,  may  thus  easily 
be  of  more  importance  than  cheap  power  even  in  such  a  case  as 
calcium  carbide,  which  is  an  electrical  furnace  product  in  which, 
at  first  sight,  the  power  seems  to  be  the  main  element  of  cost. 
In  the  case  of  electrolytic  caustic  and  bleach,  for  one  ton  of 
caustic  and  the  corresponding  bleaching  powder,  the  electrical 
energy,  taken  at  £2  los.  per  kilowatt  year,  a  low  water-power  cost, 
comes  to  about  17s.  6d.  The  caustic  and  bleach  sell  for  about  £20, 
according  to  a  varying  market.  Doubling  the  price  of  power  therefore 
increases  the  price  some  5  per  cent.  It  may  thus  easily  pay  to  use 
much  more  expensive  power,  if  the  other  conditions  are  more  favour- 
able. Steam  power,  for  instance,  will  cost  3  or  3I  times  as  much,  and 
yet  it  pays  to  make  electrolytic  caustic  and  bleach  in  England  where 
the  other  conditions  are  all  favourable.  It  is  not,  therefore,  the  want 
of  water  power  that  has  kept  the  electrolytic  industry  back  in  this 
country.  For  a  water  power  to  be  really  valuable,  it  should  be  near  a 
source  of  material,  on  the  sea,  and  should  have  a  great  head  of  water, 
so  that  the  capital  cost  of  development  is  small.  Such  a  water  power 
is  very  valuable — to  the  landlord. 

A  blast  furnace  is  more  valuable  than  a  water  power.  There  are 
plenty  in  England.  But  the  owners,  who  have  been  wasting  the  gas 
up  to  now  will  not  give  it  away ;  they  will  want  rent,  so  that  it  will  only 
just  pay  to  use  his  gas  rather  than  make  it.  The  electrical  industry 
thus  does  not  gain,  but  the  iron-masters  do. 

Carbon  Cells. 

For  many  years  "  electrical  energy  direct  from  coal"  has  been  the 
dream  of  the  electro- chemist.  That  is  to  say,  he  has  dreamed  of  an 
electrolytic  cell  in  which  the  consumed  electrode  is  carbon.  The  best 
way  to  realise  the  difficulties  of  this  problem  is  to  consider  it  solved 
and  see  what  it  means.  The  carbon  must  be  in  contact  with  an 
electrolyte,  and  that  electrolyte  must  either  be  in  contact  with  a 
second  electrolyte  which  wets  the  other  electrode,  or  must  itself  be 
in  contact  with  that  electrode.  This  second  electrode  must  almost 
certainly  be  metal,  as  there  are  no  other  non-metallic  conductors  avail- 
able. The  electrolyte  in  contact  with  the  carbon  must  be  a  salt  of 
carbon,  or  must  contain  a  salt  of  carbon,  or  it  must  contain  another  salt 
whose  positive  radicle  can  be  replaced  by  carbon.  Such  compounds  as 
the  hydrides,  nitride,  oxides,  chloride,  bromide,  or  the  sulphide,  or 
silicide,  of  carbon  are  not  salts  in  the  electrolytic  sense.  Carbon  forms 
part  of  the  electro-positive  radicle  in  the  organic  radicles,  and  part  of 
the  electro- negative  radicle  in  the  cyanogen  compounds,  but  it  is  never 
a  radicle  by  itself.  To  sum  up  the  matter  shortly  in  the  light  of 
modern  theory,  carbon  never  forms  ions,  and  has  therefore  no  solution 
pressure,  and  can  therefore  give  no  electromotive  force.'  At  ordinary 
or  moderate  temperatures  carbon  is  practically  inert.  Oxidising  agents 
will  attack  some  forms  slightly ;  and  sulphuric  acid  will  attack  it.  In 
this  latter  case  the  formation  of  water  and  its  combination  with  the  acid 

'  See  however,  BilUtzer,  MoiiaU\\.  v^^,Vi^  ^'^- 
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is  the  determining  factor.  At  high  temperatures,  oxygen,  sulpliur, 
silicon,  and  to  some  extent  nitrogen,  and  many  of  the  metals,  combine 
with  carbon,  but  there  is  no  dissociable  salt  of  carbon  formed.  The 
carbon  cell  thus  seems  impossible.  Such  schemes  as  Mr.  Reed's, 
ingenious  as  it  is,  is  not  a  solution  of  the  problem.  It  would  be  simpler 
to  reduce  zinc  oxide  with  the  carbon,  and  then  put  it  in  a  zinc  cell.' 


I^IG.  I. — OyX  ^"d  ^»0  curves  for  Steam  and  Sulphur  Dioxide  Engine. 

It  is  hardly  necessary  to  discuss  thermopiles  or  thermo-magnctic 
^^gines  as  possible  economical  producers  of  electric  power. 

Steam  Engines. 

The  primary  question  in   all  heat  motors  ist   What   temperature 

'For  a  full  discussion   of   the  carbon  cell  see    Primary  Batteries,  by 
jV-,  R.  Cooper.    E.  de  Fodor,  in  ElektricitClt  direkt  aus  Kohlcy  Hartleben, 
^ipzig,  also  gives  a  full  account  of  work  done  on  this  probX^uv  wp  Vvi  \tei . 
tl^edateof  ihebooA-. 
Voi^  82,  a 
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range  is  available  ?  In  the  case  of  a  steam  engine  there  is  enormous 
waste  of  mutivity ' — to  use  a  variation  of  Lord  Kelvin's  convenient 
term — in  boiler  flues.  We  burn  carbon  and  hydrogen,  capable  even 
with  air  of  giving  a  temperature  of  some  lySoo*"  C,  and  the  heat  is 
degraded  down  to  some  200°  C.  That  is  to  say,  instead  of  getting  the 
heat  with  a  mutivity  of  about  0*825,  we  degrade  it  down  to,  say,  0*35, 
a  clear  loss  of  0*45  out  of  08,  or  56  per  cent.  This  degradation  is  apart 
from  the  efficiency  ;  the  efficiency  is  concerned  with  the  loss  of  heat  up 
the  chimney.  The  higher  limit  in  large  modern  reciprocating  engines 
may  be  taken  roughly  at  600"  A.  (327°  C.  or  620°  F.).  Above  this  there 
is  difficulty  in  lubrication,  and  to  some  extent  weakening  of  the 
material.  The  pressure  corresponding  to  this  temperature  for  saturated 
steam  is  out  of  the  question,  and  the  pressure  may  be  taken  at,  say, 
12*5  megadynes  per  square  centimetre  or  12^^  atmospheres,' or  200  lbs.  per 
square  inch,  and  steam  leaving  the  boiler  superheated  to  600"  A.  does  not 
get  at  the  cylinder  lubrication  at  that  temperature.  Our  limits  in  the 
steam  engine  are  thus  pretty  clearly  defined.  The  pressure  is  the 
essential  factor.  Superheating  is  not  much  good  in  the  way  of  getting 
higher  mutivity  in  the  boiler,  nor  is  it  very  important  in  getting  much 
more  energy  into  the  steam.  This  is  shown  diagrammatically  in  Fig.  i. 
The  vertical  ordinates  are  absolute  temperature,  but  in  Centigrade 
degrees,  and  the  horizontal  distance  represents  the  quantity  factor 
corresponding  with  temperature,  so  that  the  area  is  the  energy  of 
a  gramme  of  steam.  That  is  to  say,  the  energy  in  the  gramme  of 
steam  at  any  point  in  the  cycle  is  the  part  of  the  whole  area  included 
in  a  horizontal  line  from  that  point  to  the  left,  and  a  vertical  line  to  the 
zero  line  at  the  bottom  of  the  diagram.  The  figure  A  B  C  D  E  is  thus 
the  energy  taken  by  the  steam,  of  which  A  B  C  F  G  is  used  and  the  rest 
wasted.  The  mutivity  scale  for  a  lower  temperature  of  338°  A.  shows 
the  small  value  of  the  energy  taken  in.  This  curve  is  for  temperature 
473"  A.  and  338°  A.,  200'  C.  and  68''  C,  and  the  exhaust  is  opened  at  382°  A. 
causing  the  wedge-shaped  loss  on  the  lower  right-hand  corner.  The 
expansion  is  taken  as  adiabatic  without  cylinder  cooling.  To  the  right 
is  shown  dotted  to  the  same  scale  the  ordinary  temperature  entropy 
diagram.^ 

The  mutivity  scale  shows  that  superheating  up  to  H  on  the  energy 
or  I  on  the  entropy  curve,  gives  little  advantage  from  the  mutivity 
point  of  view,  while  the  extra  energy  C  H  J  D  is  small.  Superheated 
steam  thus  carries  but  little  extra  energy,  and  carries  that  little  with- 
out much  extra  mutivity.  But  superheating  steam  is  very  important  for 
ordinary  engines  as  it  reduces  the  expansion  condensation,  and  what  is 
much  more  important,  the  cyhnder  condensation.  It  has  been 
proposed  to  reduce  cylinder  condensation  by  coating  the  piston  and 
cylinder  cover.  Perhaps  enamelling  them  would  help.  The  walls 
even  in  a  short  fat  cylinder  give  most  trouble.  Hadfield  has  proposed 
alloying  the  surface.  The  alloy  would  have  to  be  mechanically  suit- 
able   and   ought  to  have  low  specific   heat    and    low   conductivity. 

^  See  Note  A,  p.  36.  "  Mutivity." 

^  See  Note  B,  p.  37,  "  Common  Sense  and  Scientific  Units." 

3  See  Note  C,  p.  37,  "Entropy." 
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Jacketing  is  also  used  to  reduce  condensation*  As  long  as  the  cylinder 
is  hotter  llian  tbe  steam  ttiere  can  be  little  communication  of  heat ;  the 
tioubk  is,  that  if  the  surface  is  wet  evaporation  cools  the  nietaL  The 
j;kcket  should  therefore  keep  up  such  a  fiow  of  heat  through  the 
cylinder  walls  that  there  ia  no  deposit  from  expansion  condensation,  so 
that  the  walls  never  get  wet.  Pouring  heat  through  a  cyhnder  wait 
into  colder  steam  is  itself  an  uneconomical  process,  meaning  increase  of 
entropy.  Superheating  proves  to  be  the  easiejit  and  most  economical 
way  of  dealing  with  a  source  of  waste  that  is  inherent  in  a  recipj"0- 
cating  engine.  But  the  weight  of  steam  should  not  alone  be  used  in 
comparing  the  performance  of  an  engine  with  superheated  steam  with 
another,  Thronghont  the  pressures  in  common  use  a  kilogram  of 
saturated  steam  takes  sensibly  the  same  heat  to  evaporate  it,  and  there 
is  such  a  great  fall  of  mutivity  in  the  flues  that  a  boiler  can  evaporate  at 
one  temperature  nearly  as  economically  as  at  another,  so  the  weight 
of  stcani  used  is  a  measure  of  the  badness  of  the  engine.  But  supcr^ 
heated  steam  takes  more  heat  to  produce  it,  so  thut  a  boiler  with 
a  given  coal  consumption  and  chimney  temperature  gives  less. 

Our  upper  limit  in  the  engine  is  thus  somewhere  about  473"  A.  for 
satyrated  steam  with  a  mutivity  of,  say,  0*285,  with  a  little  addition  up  to 
fkx>  A.,  with  an  average  mutivity  of,  say,  o"37-  An  extra  temperature  or 
"  superheat, "  as  it  is  some w  hat  barbarously  called,  of  127°  thus  would 
give  very  little  advantage  if  it  w^ere  not  for  the  inherent  badness  of 
the  engine,  I  am  here  dealing  with  large  high-class  engines.  Super- 
heating is  of  very  much  greater  advantage  with  the  ordinary  small  and 
unddle-sizcd  engine  in  common  use.  The  lower  limit  is^  however* 
of  great  importanccN  If  we  could  work  down  to  the  temperature 
of  the  air  w^e  would  gain  greatly.  We  cannot  do  so  because  the 
engine  w^ould  have  to  be  enormous.  The  0,v  curve  is  shown  at  M 
to  a  small  scale.  It  shows  the  volume  becoming  unmanageable 
A  great  deal  of  condenser  water  would  also  be  needed,  A  two- 
fluid  engine  is  theoretically  possible,  We  want  a  second 
fluid  which  gives  a  higher  pressure  at,  say,  the  temperature 
of  a  condenser,  or  better  at  the  temperature  at  which  it  is  incon* 
venient  to  expand  steam  any  further.  I  have  taken  sulphur  dioxide 
as  an  example,  because  most  of  the  data  are  a%'ailable,  and  because 
it  is  being  tried  in  Germany,  though  I  have  not  seen  any  accounts 
of  rcsuUs,  If  a  higher  temperature  than  the  one  I  have  taken  were 
used  J  the  lower  right- hand  corner  of  the  steam  diagram  would  be  saved. 
The  low^T  closed  area  A  P  Q  R  is  the  energ>'  curve  of  the  corresponding 
weight  of  SO 3.  I  have  only  considered  the  internal  energy,  or  U,  of  the 
fluids  for  simplicity.  It  is  accurate  enough  for  the  purpose  of  ex- 
planation. The  curves  are  not  minutely  accurate  either.  The  addi- 
tional area  A  P  Q  R  is  thus,  theoretically,  clear  saving  due  to  the  use 
of  SO3,  which  enables  a  second  engine  of  reasonable  slxe^  as  it  were, 
to  continue  the  useful  expansion  down  to  a  temperature  little  above 
that  of  the  air.  The  &,v  curve  N,  which  takes  the  place  of  the  con- 
tinuation of  M,  shovt^s  graphically  the  convenience  of  going  to  a  second 
working  fluid.      How  far  such  saving  wilt  pay  will  be  proved  to  us 

Germany.    There  appears  to  be  room  for  economy. 
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The  turbine  is  under  the  same  limit  as  rcj^ards  prcssurCi  in  fact 
high  prc>i»ures  :\rc  perhaps  even  more  difticult  to  use,  and  super- 
heating docs  not,  as  already  explained,  seriously  increase  the  mutivity 
of  the  heat  taken  in  by  the  l^oiler.  The  turbine  is  ;ilniost  perfect 
thermodynamically.  There  is  practically  no  variation  of  temperature 
of  any  part  of  it,  so  there  is  no  growth  of  entropy  by  conduction. 
Wire-drawing  produces  kinetic  energy  which  is  wholly  convertible  into 
work.  There  must  be  increase  of  entropy,  however,  through  cnldies 
and  steam  friction.  In  fact,  one  aim  in  design  is  to  avoid  the  turbine 
being  a  large  **  porous  plug."  There  is  no  admission  condensation, 
and  the  increase  of  entropy  of  the  steam  passing  through  should 
prevent  any  expansion  condensation.  If  superheating  is  necessary  to 
prevent  expansion  condensation,  it  is  the  highest  compliment  to  the 
designer,  for  it  shows  the  wire  drawing  due  to  irreversible  expansion 
and  that  due  to  the  leakage,  and  the  axial  conduction  of  heat  taken 
together  are  not  enough  to  prevent  expansion  condensation,  and  the 
accompanying  friction  and  entropy  production  near  the  exhaust  end. 
Comparatively  little  superheating  decreases  not  only  the  water,  but 
the  heat  consumption  of  a  Parsons  turbine. 

One  of  the  chief  disadvantages  of  steam  engines  for  stations 
with  small  load-factors,  is  the  difliculty  of  storing  energy  so 
as  to  get  uniform  boiler  load.  Batteries  are  no  longer  used 
for  this,  and  the  difliculty  reduces  the  value  of  steam  in  com- 
parison with  the  gas  engine.  Mr.  Druitt  Halpin  has  proposed, 
and  used  "Thermal  Storage."  Lagged  vessels  are  filled  with  water 
raised  to  tlic  temperature  of  the  working  steam.  This  arrangement, 
however,  is  not  isothermic ;  that  is  to  say,  to  get  out  the  energy  the 
temperature  must  fall.  What  is  wanted  is  a  reservoir  containing  some- 
thing which  undergoes  a  physical  or  chemical  isothermal  change. 
For  instance,  a  substance  that  fuses  at  the  right  temperature,  and  has 
a  high  latent  heat  of  fusion,  or  a  substance  which  like  sulphur  changes 
allotropically  with  considerable  change  of  internal  energy,  at  a  suitable 
temperature.  Unfortunately,  there  is  no  substance  within  the  range  of 
practical  enigneering.  Moreover,  the  storage  is  on  the  wrong  side  of 
the  engine.  To  store  heat  with  a  mutivity  of  only  some  0*35  is  not  so 
promising  as  to  store  some  higher  form  of  energy.  The  secondary  battery 
thus  begins  with  an  apparent  advantage.  The  difficulty  of  storage  is 
another  drawback  to  the  steam  engine,  and  gives  the  gas  engine  a 
further  advantage. 

Before  leaving  the  steam  engine  it  may  be  in  place  if  I  bring  before 
the  Institution  a  recommendation  of  the  Institution  of  Civil  Engineers 
that  in  future  the  British  Thermal  Unit  be  written  B.Th.U.  instead  of 
B.T.U.,  as  B.T.U.  is  used  for  '»  Board  of  Trade  Unit." 

The  Gas  Engine. 

Tlicre  is  no  other  comprehensive  name  that  covers  the  type  of 
engine  worked  by  gas  and  oil.  The  combustion  need  not  be  internal, 
and  perhaps  will  not  be  internal  in  the  future,  but  in  a  sense  all  are 
worked  by  gaacs. 
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P       The  simplest  ideal  form  h  a  machine  that  pumps  a  small  volume  of 

^*-ir  under  a  high  pressure  into  a  furnace,  and  draws  out  a  brge  volume 
C3f  gases  at  the  ^ame  pressure  and  a  very  higii  temperature,  Thv 
«:^ngiiie  should  then  expand  this  gas  down  to  the  tempcruturu  of  Ihe  air, 
The  limits  of  the  gas  engine  arc  es*^entially  eonstructivej  and  the 
<difllicirlties  in  the  way  of  large  gas  engines  are  enormous.  TlieoretiGally 
"tiJie  gas  engine  has  a  very  great  advantage.  The  possible  range  of 
'temperature  is  so  high  that  the  mutivity  approaches  unity.  In  addition 
"to  this  the  com  bastion^  whether  inside  the  engine  or  not,  i^  very 
efficient.  But  a  reciprocating  engine  cannot  work  at  the  temperature 
of  burning  carbon,  or  hydro- carbons,  so  that  furnace  gas  at,  say, 
r2,ooo*^  A.  cannot  be  led  along  pipes  and  used  in  a  reciprocating  engine* 
If  the  mtitivity  is  sacriticed  and  the  furnace  gases  diluted  with  cold  air 

Jirom  tiie  pump  this  plan  is  inferior.     The  high  temperature  can  be 
used  by  burning  inside  a  cylinder  or  explosion  chamber  cooled  by 
water.     The  hot  gas  is  then   surrounded  by  a  cool  layer^  but  most 
of  it  IS  at  a  very  high  temperature.    Then  we  come  on  two  diflicullies* 
First,  if  the  gases  are  exploded  there  is  great  strain  on  all  the  working 
parts.     Next  there  is  difliculty  about  the  expansion.     It  would  be  good 
to  make  the  engine  compound,  but  then  the  valves  give  trouble.    The 
valve  has  to  deal  with  a  rush  of  gas,  which  in  a  compound  engine 
would  be  little  below  the  explosion  temperature.     Even  with  great 
estpansion  in  a  single  cylinder  there  is  much  difficulty  about  the  exhaust 
valve.     Piston  valves  arc  alone  used  for  steam  at  high  temperatures, 
but  for  much  higher  temperatures  such  as  the  exhaust  of  a  gas  engine, 
a  mushroom  valve  is  generally  employed*    Opening  a  mushroom  valve 
against  the  gas  in  a  large  engine  means  a  matter  of  tons.    There  would 
clearly  be  difficulty  in  leading  hot  gases  about  through  complicated 
valve  passages  to  intermediate  and  low-pressiire   cylinders.     All   the 
same,  when  gas  engines  have  the  field  to  themselves  and  compete 
closely,  the  compound  gas  engine  must  come  in.    At  present  we  waste 
a  great  deal  of  energy  in  the  exhaust,  and  we  have  to  make  the  cylinder 
large  enough  for  the  expansion,  and  strong  enough  for  the  explosion. 
Then  as  the  exhaust  is  chemically  different  from  the  original  mi.vture 
we  must  either  halve  the  power  by  using  the  Otto  or  Rochas  cycle,  or 
we  must  adopt  some  other  method  of  scavenging,  or  use  an  auxiliary 
I        compression  pump.     It  is  thus  clear  that  though  we  begin  with  gas  at 
^ft   going  on  for  2,000°  A.,  with  a  mutivity  at  a  lower  temperature  of  the 
^B  air  o'86,  we   have  to  exhaust  at  such   a  high   temperature  that  the 
^M  mutivity  iSj  say,  0*4,  or  a  little  better  than  in  the  steam  engine.     If  a 
j^   certain  range  of  temperature  is  available,  it  is  better  to  have  it  at  a  low 
temperature,  so  that  the  mutivity  is  greater.   Raising  both  temperatures 
^m    is  like  hoisting  a  reefed  sail   higher   without  unreefing   it      (Except 
H    in  a  heavy  sea)  the  lower  part  of  the  sail  is  most  efficient.     We  have 
^H   thus  in  the  gas  engine  a  machine  which  from  a  t  her  mo -dynamical  point 
^B   of  view  ought  to  be  exceedingly  good  ;  but  the  difficulties  in  building, 
*        especially  ver>''  large  engines  to  utilise  the  high  possible  mutivity,  and 
saving  by  having  the  heat  produced  where  used,  reduce  the  efhciency 
of  the  gas  engine  enormously*     In  spite  of  that,  Vhe  \2X^  ^a^  e^tv^%\\t 
bi^ctm  Vikdy  to  oust  the  steam  cn^ui:  for  large  pD\\er^  dmmg^  1\\^  Xi^^ 
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few  years.  The  best  way  to  get  a  high  efficiency  out  of  a  gas  engine 
would  probably  be  to  make  it  compound,  exhausting  at  a  temperature 
suitable  for  raising  steam.  The  steam  engine  would  then  exhaust  at 
a  temperature  suitable  for  raising  SOa  vapour.  But  the  chances  are 
that  Dowson,  Mond,  or  other  producer  gas  will  be  available  at  such 
low  prices  that  the  extra  steam  and  dioxide  engines  would  not  pay  for 
attendance,  interest,  and  depreciation.  With  very  cheap  gas  the  first 
thing  is  to  make  big  engines,  the  next  to  make  them  so  that  they  never 
break  down,  and  the  last  thing,  to  make  them  efficient.  The  gas  engine 
may  be,  comparatively  speaking,  in  the  state  Watt  left  the  steam  engine, 
but  it  will  doubtless  make  very  rapid  advances,  as  it  is  in  the  hands  of 
very  competent  and  highly  educated  engineers. 

I  have  said  nothing  about  the  oil  engine,  of  which  the  Diesel  may  be 


Fig.  2. — Rotary  Field  Direct-current  Dynamo. 

taken  as  the  most  prominent  example.  I  have  never  seen  or  tested  a 
Diesel,  but  see  no  reason  why  it  should  not  be  as  claimed.  There 
seems  to  be  great  prejudice  against  it,  because  it  is  novel.  When 
people,  especially  English  people,  strongly  condemn  a  new  thing 
without  giving  specific  reasons,  it  is  safe  to  conclude  that  it  is  very 
good. 


Dynamos. 

As  regards  efficiency  we  have  reached  the  practical  limit  already, 
/or  further  redaction  in  dynamo  losses  woM\d  m?k.\L^  tvo  a^^^jreciable 
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nee  in  the  totnl  efficiency  of  a  station.     In  fact  we  are  rather 

following  Continental  practice  in  hav^ing  slow-running  maclnne^  with 

many  poles*  even  for  direct  currents^  and  eBclencies  arc  perliaps  lower 

for  large  machines  than  in  the  best  English  practice  of  a  few  years  ago, 

Tliis  is  also  true  as  regards  output  from  a  given  size.     We  are  not 

likely  to  make  much  advance  in  dynamos  now,  as  w*e  are  limited  on  one 

hand  by  the  hysteresis  loss  in  iron,  which  prevents  oiir  using  higher 

inductions  in  armatures,  and  low  pernicabihty  which  limits  our  field 

and  armature  tooth  inductions.     It  does  not  seem  likely  we  w^ill  now 

tiud  iron  much  better  in  either  respect*     Nor  are  we  likely  to  find 

a  better  available  conductor  than  pure  copper.     As  insulator  we  have 

L    mica.    It  looks  J  therefore,  as  if  w*c   were  within   sight   of  our  limits 

B   in  dynamo  and  motor  designs, 

H  Though  dynamos  are  limited  in  speed,  generally  to  that  of  the 
H  driving  engine,  it  is  possible  to  make  a  dynamo  give  an  output 
■  corresponding  to  a  much  highc^r  speed.  In  order  to  get  several  perio<is 
per  revolution,  alternating  dynamos  have  perhaps  from  the  beginning 
teen  made  with  a  number  of  field  and  armature  coils,  so  as  to  be 
ifi  a  sense  a  collection  of  elementary  dynamos,  Mr.  Mordey  show*ed 
how  to  make  an  alternator  with  only  one  armature  and  one  ficld-magnet 
W5il,  Fig.  2  show*s  a  way  of  getting  a  pressure  corresponding  to  a  high 
speed  in  a  direct-current  generator.  The  field  has  a  number  of 
N.  and  S*  poles  in  succession,  as  usual  in  an  alternator.  Hie  field 
is  laminated*  The  armature  is  drum-wound  as  if  for  a  two-polc  field, 
and  il  has  teeth  which  come  opposite  N,  poles  on  one  side  of  the 
machine,  and  S.  on  the  other*  A  very  small  movement  of  the  armature 
Causes  the  positions  of  correspondence  to  change  rapidly,  so  tliat  the 
mguctic  beld  rotates  rapidly.  Thus  if  there  are  ii  armature 
teetb  and  the  speed  is,  say,  200  revolutions,  the  field  rotates  at 
J,200j  giving  the  corresponding  pressure.  If  the  lield  rotates  wnth  the 
armature  the  effective  speed  is  2,000;  if  the  other  v/ay,  2,400.  The 
difficalty  in  such  a  machine  will  arise  from  mairnetic  leakage.  The 
artJiature  reaction  is  also  considerable*  But  reversing  devices  analogous 
to  those  proposed  and  used  by  Edison,  Houston,  Sayers,  Atkinsou,  and 
others  are  available,  and  the  machine  may  be  [nade  so  tliat  the  armature 
largely  excites  the  field  in  the  case  of  a  generator,  and  wholly  excites 
it  in  the  case  of  a  motorr  It  i^  a  question  whether  such  a  device  as  this 
may  give  us  a  light  compact  railway  motor. 


T  ran  sf o  r  merfi . 

In  alternating  transformers  there  has  been  little  room  for  improve- 
^^Isfor  the  last  ten  years.  The  '* ageing"  of  the  iron  was  a  trouble 
"^  now  there  seems  little  possible  advance. 


Secondary  Batteries, 

The  secondary  batterr  in  central  station  work  \\a^  been  u?.fc^  ' 
**  ^ort  to  equaliBe  fiw  load,  and  to  reduce  the  runnmg  ^\^uV  i^  V\%^ 
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times  of  Iicavy  load.  Owing  to  the  high  full-load  station  pressure  with 
feeder  systems,  the  station  battery  is  generally  for  use  at  light  loads 
only.  Hut  the  secondary  battery  has  for  a  long  time  been  on  the 
border  of  success  for  traction  work,  both  on  tramways  and  on  the  road, 
and  a  further  improvement  in  batteries  may  be  expected  to  produce 
very  great  changes  in  important  branches  of  engineering. 

The  first  question  asked  is,  Why  do  we  stick  to  lead  ?  The  answer 
is  that  the  case  is  very  special  and  other  things  will  not  do.  We  are 
practically  limited  to  lead,  at  any  rate  in  acid  cells.  Take  first  the 
phitc  that  oxidises  on  discharge.  It  should  not  dissolve  in  the  electro- 
lyte, as  if  it  does  the  deposition  and  solution  will  be  uneven,  and  the 
plate  will  grow  trees  and  come  to  grief.  This  puts  zinc  out  of  court, 
unless  some  electrolyte  is  used  which  gives  some  insoluble  salt  of  zinc, 
which  does  not  attack  zinc  on  open  circuit,  and  which  gives  a  good 
electromotive  force  with  it.  Iron  is  out  of  court  for  the  same  reason  ; 
there  is  no  suitable  electrolyte.  The  strong  organic  acids  such  as 
trichloracetic  or  oxalic  are  apt  to  have  their  positive  radicles  split  up 
by  electrolysis,  even  if  a  strongly  positive  metal  can  be  found  with 
an  insoluble  salt.  Lead  is  thus  the  only  metal  practically  available  in 
an  acid  electrolyte.  Silver  in  hydrochloric  acid  would  give  no  pressure, 
and  the  acid  would  be  decomposed  at  the  anode.  On  the  other  plate 
wc  need  an  insoluble  depolariser,  else  a  two-fluid  cell  must  be  used, 
involving  a  porous  diaphragm,  diffusion,  and  impracticability.  Not 
only  must  the  depolariser  be  insoluble,  but  it  must  be  converted  into 
an  insoluble  body  on  discharge.  The  coating  must  be  a  conductor  in 
one  state  or  the  other,  or  there  will  be  no  proper  contact.  In  the  lead 
cell  there  is  always  enough  peroxide  and  metallic  lead  in  the  coatings 
to  secure  electrical  contact  though  the  discharge  product  is  an  insulator. 
The  depolarising  coating  must  be  connected  to  a  conducting  plate 
which  is  not  attacked  by  local  action.  Lead  and  silver  are  the  only 
available  metals,  and  sulphuric,  and  perhaps  phosphoric,  the  only  acids, 
for  the  nitrate  of  lead  is  soluble,  and  hydrochloric  acid  is  decomposed 
by  lead  peroxide.  Lead  is  protected  by  its  coating  of  sulphate,  or 
peroxide  as  the  case  may  be.'  It  thus  seems  as  if  we  were  limited 
almost  absolutely  to  lead  and  sulphuric  acid.  It  is  wonderful  that  we 
have  the  lead  cell  at  all.  We  owe  it  to  the  chance  observation  of 
Plante.  The  theory  was  not  understood  for  a  long  time.  For  many 
years  it  was  thought  that  the  pressure  was  due  to  the  PbOa  and  Pb 
changing  into  PbO.  The  acid  was  merely  put  in  to  make  the  electrolyte 
conduct,  and  sulphuric  was  used  because  people  used  it  in  gas  volta- 
meters, and  they  never  thought  that  it  ought  to  be  as  strong  as 
practicable  to  give  the  pressure  and  output.  The  formation  of  lead 
sulphate  was  regarded  as  a  difficulty  to  be  overcome. 

In  the  lead  cell  we  want  lightness,  large  capacity,  cheapness,  rapid 
discharge,  efficiency,  and  mechanical  strength,  and  durability.  These 
qualities  are  mostly  antagonistic.  Large  capacity  means  rapid  deterior- 
ation. Mechanical  strength  means  weight.  It  is  thus  no  use  testing 
a  cell  for  capacity  without  testing  the  efficiency  and  durability  too,  and 

'  See  papers  of  the  htc  Gladstone  and  Tribe,  2iv\A  Iit?i\Lt  ^ccvd  C30tVv?im. 
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so  oiu    Published  battery  reports  arc  often  misleading,  because  they 

amit  essential  information,  i 

III  an  alkaline  electrolyte  si^ch  as  caustic,  such  metals  as  iron, 

Mckel,  cobaiti  ^nd  copper  form  oxides  which    are    insoluble,    The 

metals  are  thus  electro-negative  in  caustiCi  like  gold  or  platinum  in  acid. 
The  electrolyte  here  acts  merely  as  a  conductor*  as  the  dilute  acid  was 
supposed  to  act  in  the  lead  cell.  The  pressure  is  thus  chiefly  due  to  the 
change  from  metal  to  oxide  on  one  plate  less  the  reduction  on  the 
other,  and  is  small  There  may  be  a  Gibbs-Helmlioltit  temperature 
coefficient  pressure  in  addition.  Though  the  pressure  is  smaOer,  the 
mdals  admit  of  light  plates  or  grids,  and  the  coatings  may  conduct  in 
both  states,  instead  of  only  one  as  in  lead  cells,  so  that  a  larger  propor- 
tion of  the  coating  may  be  active.  The  future  of  this  type  of  cell 
is  uncertain,  as  very  little  has  l>een  published  as  to  results,  Our  limits 
in  secondary  batteries  thus  seem  to  be  settled  by  the  need  of  having 
insoluble  electrodes  and  insoluble  coatings. 


Cables, 


The  conductor  itself  can   hardly  be  improved,  but  there  is  great 

r&om  for  improvement  in  the  insulation.     It  is  largely  the  insulation  of 

the  cables  that  limits  our   pressures,  and  therefore  our  distances  of 

transmission^     For  i,ooo  kilowatt  cables  the  cost  is  about  a  minimum 

for  8,000  volts  ;  above  that  the  cost  of  insulation  increases  faster  than 

(tie  cost  of  copper  falls.     It  is  exceedingly  unlikely  we  liave  reached 

ihe  hmit  in  insulation.    There  is  no  branch  of  electrical  engineering  so 

important  as  cable  making.    Cables  form  a  large  portion  of  the  capital 

outlay  in  large  systems.    Yet  tliere  is  no  branch  of  the  industry  which 

is  nm  on  less  scientific  lines.    The  days  of  secret  mixtures  known  only 

to  the  workman  who  makes  them  may  be  passing  away  ;  but  even  now 

the  whole  art  of  cable-making  is  a  question  of  trial  and  error »  with 

a  good  deal  of  the  last  component.     Engineers  do  not  know  now 

whether  rubber  is  better  than  paper,  nor   can   they   tell   what   any 

particular  make  of  cable  will  be  like  after  ten  years'  use,    \Vc  do  not 

even  know  how  to  test  a  cable.    Sometimes  we  test  it  as  if  it  were 

a  telegraph  wire  ;  at  other  times  wc   test  with  twice   the  maximum 

pressure,  and  if  it  does  not  break  down,  we  trust  we  have  not  injured 

its  constitution,  and  put  it  down,     Or  we  break  down  a  little  bit  and 

assume  it  will  all  stand  some  proportion  of  the  break*down  pressure. 

Apart  from  resistance  to  rupture  and  leakage,  capacity  and  dielectric 
hysteresis  are  important  factors.  In  alternating  work  capacity  m.iy 
produce  very  unexpected  effects.  In  series  with  an  arc,  say  at  a 
switch,  oscillation  may  be  set  up.  Wlien  condensers  were  made  at 
Teddington  they  were  sent  out  with  printed  instructions  to  avoid 
switching  off.  They  had  to  be  switched  off  in  shunt  to  or  in  series 
with  a  resistance.  The  loss  of  power  by  dielectric  hysteresis  has  again 
been  discussed  recently  ;  and  whatever  its  exact  amount  may  be  in 
different  cables,  it  is  often  a  very  serious  factor.  We  do  not  seem  to 
have  arrived  at  anything  Ukt?  the  iower  limit  of  this  yet* 

Oierhc^d  bare  condnctors  for  very  high  pressure  ute  not  M'aed.  m 
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this  country.  There  is  a  fairly  definite  limit  to  the  pressure  available. 
When  the  fall  of  pressure,  or  dielectric  stress  just  round  the  wire 
exceeds  the  breaking-down  value  of  air,  the  air  is  "  torn  "  and  dis- 
charges take  place  which  involve  considerable  loss.  This  can  be 
reduced  by  increasing  the  size  of  the  conductor.  It  may  thus  pay  to 
use  aluminium  or  even  zinc,  or  a  combination  for  very  high  pressure 
overhead  power  transmissions.  If  zinc  falls  in  price  much  relatively  to 
copper,  it  may  come  into  use  for  bare  conductors. 


Condensers. 

It  is  hardly  worth  while  discussing  condensers  now,  as  there  is 
generally  excess  of  capacity  on   systems,  so  that   the  current   leads 

relatively  to  the  pressure; 
and  there  seems  to  be  no 
demand  for  condensers. 
Condensers  can  be  made 
which  will  hold  their  charge 
for  several  weeks  without 
perceptible  fall  of  pressure. 
Bringing  the  poles  of  a  large 
station  within  a  small  frac- 
tion of  a  miUimetre  over  an 
enormous  area  with  nothing 
but  a  few  thicknesses  of 
paper  between  them  does 
not  appeal  to  an  engineer. 
A  more  mechanical  form  of 
condenser  might  be  made, 
as  in  Kig.  3,  if  it  is  ever 
wanted.  A  coil  of  copper 
or  aluminium  is  held  in  a  strong  radial  field  so  that  it  is  free  to 
move  at  right  angles  to  the  field.  If  the  equation  of  motion  is  worked 
out  it  will  be  found  to  behave  like  a  condenser  on  an  alternating  current. 
I  do  not  know  how  it  would  sound.  Some  ten  or  twelve  years  ago  I 
urged  the  use  of  over-excited  synchronous  motors  for  taking  up  idle 
lagging  currents.  This  method  is  now  used  frequently,  and  it  lessens 
any  demand  there  might  be  for  condensers. 


Fig.  3. — Electro-magnetic  Alternating  Con- 
denser. A,  field  magnet  ;  B,  exciting 
coil  ;  C,  armature  coil  free  to  vibrate 
vertically  in  a  radial. field. 


Light. 

Our  chief  work,  until  lately,  has  been  producing  light.  Here  the 
inefficiency  and  waste  is  prodigious,  and  though  it  is  mostly  unavoid- 
able, there  is  still  great  room  for  improvement.  We  take  geat  care 
over  our  stations,  watching  every  penny  from  the  coal  shovel  or 
mechanical  stoker  to  the  station  meter.  We  quarrel  over  i  per  cent,  in 
the  generators.  When  we  get  to  the  mains  we  care  less,  and  once  we 
have  got  to  the  consumers'  meters  we  care  nothing  at  all. 

Practically  all  light  is  wanted  for  use  by  the  human  eye.    The 
human  eye  is  exceedingly  sensitive  *,  it  is  c?l\c\3\?lV^^  Vo  ^^^  ^  d\^t&nt 
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star  when  receiving  lo"*  ergs  per  second,  so  that  one  watt  would  cnrtble» 

say^  five  thousand  bilUon  people  to  see  stars  with  both  eyes^  but  it  would 

huve  to  be  used  economicall3%     In  reading  a  book  the  eye  would  need 

much  more  than  this  ;  and  then,  as  the  book  radiates  light  in  half  of  all 

directioos»  only  a  little  is  used  by  the  eye,  so  even  H  all  the  light  from 

a  source  were  concentrated  on  a  book  there  is  enormous  w*aste  by 

useless  radiation  from  the  book.     But  the  source  of  hght  docs  not 

flluminate  only  the  book  ;  the  t>ook  probabh*  subtends  a  small  solid 

angle*  so  we  have  another  source  of  waste.    The  eyes  reading  a  book 

in  a  fairly  good  light  want  something  of  the  order  of  two  crg^  per 

second,  so  that  a  watt  would  only  work  the  optic  nerves  of,  sav,  the 

inhahitants  of  London,    But  the  book,  say  200  square  centimetres,  would 

riecd  about  3,000  ergs  a  second  to  illuminate  it    A  candle/  which  gives 

^  light  of  4-?r.  radiates  about  0^2  watt  or  five  candles  a  watt ;  that  is  to  say 

^t  an  efficiency  of  unity*  we  would  get  five  caudle-power  or  20  imits  of 

*i^ht  per  watt.    The  efficiency  of  a  glow-lamp  is  only  about  0^25  candle- 

F*Owcr  per  watt/  or  0*05,  iso  there  is  room  for  improvement,    The  first 

tHing,  naturally,  is  to  see  what  limits  there  are  in  the  vray  of  increased 

^Riciency.     The  obvious  goal  is  direct   production  of   "light  without 

^t^at,"  by  which  is  meant  producing  only  the  rays  of  wavc-lcngtlis 

\vhlch  affect  the  eye.    The  firefly  appears  to  succeed  in  this.    The 

'"adiation   is  obviously  not  that  of  a   hot   body,  any  more  than   the 

hosphorescence  of  jelly  fish  or  microbes  or  phosphorus.     It  has  been 

nggested  that,  though  the  ntdiation  is  not  that  of  a  hot  body,  it  can 

Only  be  produced  at  the  efliciency  which  a  hot  body  giving  the  same  colour 

would  give.    Personal  discomfort  would  prevent  the  vainest  firefly  from 

generating  more  than,  say,  o'l  watt  per  square  centimetre  of  cooling 

surface,  and  anyhow  the  insect  appears  to  develop  no  appreciable  heat* 

There  is  no  thermo-dynamical  reason  why  electrical  energy  should 

XiOi  be  converted  directly  into  radiation  of  any  ivare-length  without 

loss;    I   do  not  know  if    there  is  any  molecular  impossibility,   but 

apparently  our  limits  are  practical— that  is  to  say,  it  may  be  done,  but 

we  bave  not  yet  hit  on  the  way  of  doing  it.    The  vacuum  tube  appears 

lobe  a  means  of  converting  electric  power  direct  into  radiation.    The 

Cooper-Hewitt  lamp,  for  instance,  gives  an  efficiency  of  about  three 

candles  per  watt^  or  something  like  ofi.    All  these  figures  as  to  light 

^ea  little  vague*     Unfortunately  the  light  is  of  a  very  bad  colour*     It 

IS  very  actijiic,  but  the  wave-lengths  are  too  small.    One  method  is  to 

^c^ade  the  light  by  making  it  act  on  silk  dyed  with  matters  which 

lower  the  radiation  to  a  redder  colour  by  fluorescence* 


The  Arc  Light, 

The  arc  has  been  very  fully  studied  in  some  directions,  and  not  in 
others.  Most  makers  of  arc  lamps  seem  to  devote  their  whole  attention 
to  the  mechanism,  and  look  upon  the  arc  merely  as  a  hot  gap  that  has 
lo  be  preserved  by  suitable   apparatus.     Many  lamp  makers,  on  the 

"  See  Note  D,  p.  39,  •'  The  Standiird  Candled 
='  S^  Note  E,  p.  39,  ''  7n  verted  Ratios." 
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other  hand,  have  records  of  exhaustive  experiments  on  the  relations  of 
the  pressure,  current,  and  light  with  different  carbons ;  but  they  are 
very  seldom  published.  On  the  other  hand,  an  enormous  amount  of 
laborious  experiment  on  such  points  as  these  is  available,'  and  on  the 
back  electromotive  force  of  the  arc'  The  physics  of  the  arc,  an 
exceedingly  difficult  branch  of  study,  has  not  received  much  systematic 
attention  yet.  The  crater  of  an  arc  is,  no  doubt,  heated  to  the  point  of 
volatilisation  of  carbon  at  the  pressure  of  the  air.  If  other  gases  get  at 
the  crater,  the  vaporisation  temperature  would  be  less.  (There  is  a 
small  increase  of  pressure  which  I  suggest  is  due  to  the  electro- 
magnetic effect  of  a  current  localised  in  a  conducting  fluid.  This  may 
be  neglected.)  The  crater  may  be  rough,  as  carbon,  though  it  softens, 
does  not  melt  before  volatilising,  and  it  may  be  merely  speckled  with 
points  at  its  volatilising  temperature,  so  that  its  brightness  is  not 
uniform.  But  there  are  so  many  anomalies  about  the  arc  that  one 
cannot  say  anything  definite  with  safety.  For  instance,  if  the  tempera- 
ture is  limited  by  the  vaporisation  of  carbon,  what  must  be  the  specific 
heat  of  vaporisation  of  carbon  ?  Where  does  the  vapour  go  to,  and 
what  happens  to  it  in  an  enclosed  lamp  ?  In  condensing  into  smoke  it 
should  give  light  of  the  same  colour  as  the  crater.  If  it  has  an  enormous 
specific  heat,  it  ought  to  raise  the  other  pole  to  crater  temperature 
where  it  condenses.  If  it  is  a  light  gas,  a  large  portion  of  its  specific 
heat  of  vaporisation  may  go  to  external  work.  Most  of  the  upper 
carbon  is  burnt  away  by  external  air ;  if  a  pencil  to  match  the  crater 
is  volatilised  it  does  not  account  for  much  power.  If  the  vapour  is  very 
light,  there  must  be  large  volumes  from  the  upper  carbon.  Then  what 
conducts  ?  Carbon  vapour  alone,  or  mixed  with  a  little  monoxide  or 
nitrogen,  is  a  very  good  conductor  at  these  temperatures.  Does  that 
go  to  show  that  carbon  vapour  dissociates  like  iodine  or  chlorine,  etc.  ? 
The  whole  question  of  the  physics  of  the  arc  deserves  far  more  careful 
study  than  it  has  yet  received,  but  the  work  is  surrounded  with 
difficulties  and  is  really  a  branch  of  the  theory  of  the  passage  of 
electricity  through  gases,  a  matter  of  the  greatest  scientific  importance 
somewhat  out  of  our  way  as  practical  electrical  engineers.  But  as 
engineers  in  the  broader  sense  we  are  as  much  interested  in  questions 
of  recondite  physics  as  of  costs  of  generation. 

Looking  at  the  arc  as  analogous  to  a  vacuum  tube  with  no  vacuum, 
but  very  hot  and  very  rarified  gases  instead — a  difference  in  degree, 
not  in  kind — the  question  arises  whether  we  can  get  direct  conversion 
into  radiation  without  intermediate  heating.  The  enclosed  arc  seems 
to  give  us  something  of  this  sort.  It  is  difficult  to  see  what  goes  on 
inside  the  inner  globe,  but  the  arc  itself,  apart  from  the  crater,  seems 
to  give  more  light.  The  efficiency  of  an  enclosed  arc  is  much  reduced, 
however,  by  the  deposit  and  globes.  Hot  vapours,  such  as  that  of 
metallic  salts  in  the  Bunsen  flame,  give  out  light  by  direct  action,  not 
because  they  are  hot,  but  by  some  chemical  change,  and  this  holds  good 
of   vapours  in  vacuum  tubes,  and  doubtless  also  in  the  arc.     In  an 

'  See,  for  instance,  The  Electric  Arc,  H.  Ayrton,  a  valuable  epitome  of  the 
work  done  on  the  arc  lamp  up  to  the  present  time,  including  the  authoress*. 
'  See  Note  F,  p.  39,  "  Back  ElectromoUve  Fovc^  oi  \.Vvt  Xtc," 
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closed  arc  the  carbon  vapour  iii^ic^ad  ui  coiubining  with  oxygen 
may  first  condense  at  the  temperature  of  the  crater,  forming 
a  Imuiuous  envelope  round  the  arc  itself.  By  mixing  suitable 
salts  with  the  Ciubons  we  may  thus  expect  to  get  electricul  power 
converted  directly  into  radiation.  It  has  long  beuti  known  that 
adding  sodium  salts  to  the  carbons  incriia^es  the  light,  perhaps  without 
improving  it,  but  such  experiments  have  been  carried  out  rather  empirl- 
cally*  ;ind  apparently  without  ajiy  distinct  idea  of  direct  production  of 
light;  Recently  great  attention  has  been  excited  by  thc^  Bremer  arc 
lamp,  which  owes  its  eft'ect  to  the  addition  of  salts  to  the  carbons. 
Another  recent  development  is  the  arc  between  pencils  of  oxide,  such 
as  zirconia.  This  arc,  which  was  tried,  if  I  remember  right,  about 
1897,  has  come  to  the  front  again.  It  may  depend  simply  on  high 
teuiperatureT  or  on  small  amount  of  shadow  from  the  lower  electrode  ; 
or  it  may  be  that  ^irconia  volatilises  and  condenses  as  a  luminous  cloud 
outside  the  arc,  giving  a  hght  like  liurning  aluniinium  or  magnesium,  or 
the  hot  vapour  may  also  be  giving  the  zirconiuju  emission  spectrum  in 
addition,     I  have  not  seen  this  light. 

To  sum  up  as  to  the  arc  light,  we  do  not  seem  to  have  reached  our 
limit  as  lo  light  from  pure  heating,  l>ecause  we  lose  a  lot  of  light  into 
the  opposite  carbon.  Many  attempts  have  been  made  to  expose  the 
crater  freely.  But,  far  more  important  thaji  this,  I  would  urge  tliat  the 
arc  is  not  necessarily  a  hot  body  radiator  only,  but  that  it  may  also 
convert  electrical  power  directly  into  light  in  the  space  between  the 
electrodes,  ajid  this  gives  a  chance  of  lising  more  nearly  to  our 
theoretical  limit  of  about  live  candles  per  watt. 


The  Incandescent  Lamp. 

This  simple  hot  carbon  wire  hi  a  bulb  Involves  the  most  extraordinary 
physical  complexities*  A  great  many  curious  things  go  on  inside  the 
simple-looking  globe,  A  good  account  of  what  is  known— especially 
since  he  took  the  subject  in  hand — has  been  written  by  Dr.  Fleming,^ 
and  the  scientific  manufacture  of  this  interesting  article  has  been  fully 
described  by  Mr.  Kam,^  The  incandescent  lamp  is  a  simple  hot  body 
radiator,  and  the  limit  of  efEciency  depends  chiefly  on  the  temperature 
of  the  carbon.  As  we  are  limited  by  the  size  of  mains,  we  can  only  use 
pressures  of  100  volts  or  200  volts,  and  this  hmits  us  to  carbon,  or 
something  of  still  higher  specitic  resistance,  The  high  pressure  is  bad 
for  the  lamp  in  every  way.  The  carbon  has  to  bo  longer  and  thinner, 
and  therefore  weaker,  while  the  great  pressure  between  the  ends  of  the 
carbons  gives  rise  to  invisible  discharges  across  the  hot  interior.  Tho 
high  pressure  thus  means  that  the  surface  of  the  carbon  is  worn  away 
quicker,  and  that  the  carbon  is  thinner  and  less  able  to  stand  it. 
Inherently  a  high-pressure  lamp  is  worse  than  a  low%  but  the  con- 
venience as  to  distribution  outw^eighs  this  disadvantage.  The  limit  of 
efficiency  of  incandescent  lamps  is  chiefly  due  to  the  variations  of 
supply  pressure.     Carbon  is  beginning  to  soften  at  ordinary  lamp 
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temperatures,  and  t!ic  upper  limit  is  soon  reached.  So  that,  thouj 
a  lamp  may  i^ive  a  third  or  even  half  a  candle  per  watt  when  n 
steadily,  it  has  to  be  rated  at  a  quarter  to  make  it  safe  under  ordina 
conditions.  The  sensitiveness  of  the  carbon  lamp  to  pressure  in  i 
turn  limits  the  practical  variation  of  pressure  of  supply,  and  thus  cos 
us  very  heavily  in  mains.  If  we  had  incandescent  lamps  which  did  n^ 
mind  20  per  cent,  pressure  variation,  we  would  have  saved  millions  1 
mains  in  this  country  alone.  Recently  the  demand  for  "t>allast"f( 
the  Nernst  lamp  has  led  to  the  introduction,  for  that  purpose,  of  littl 
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Fig.  4. — Pressure- current  Curves  for  iron  wire  at  critical  point. 


bulbs  containing  fine  iron  wire  heated  to  the  critical  point.  Tl 
"  ballast "  may  be  used  in  series  with  the  incandescent  lamp.  Fig 
gives  some  curves  taken  by  Mr.  M.  Solomon,  who  has  been  working 
this  subject    It  will  be  seen  that  a  small  riisvslauce  will  allow  a  laC 
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p  be  run  nearly  at  its  m*ixtniuni  safe  efficiency  m  spite  of  pressure 
Tariations,  while  a  larger  resistance  will  enable  lamps  to  be  run  oH 
tramway  and  other  varying  pressure  circuits  with  good  overall 
eflticieticy, 

I      Other  materials  have  been  proposed  instead  o(  carbon.     A  great 

I  deal  of  work  has  been  done  on  metals,  but  they  have  the  great  fauU 

I  of  low  specitlc  resistance.     Even  osmium  seems  unlikely  for  200  voltii, 

I  The  specific  resistance  of  metal  goes  up  very  quickly  near  t!ie  melting- 

I  pobt,  but  even  then  it  is  too  low.     1  have  worked  a  good  deal  at  this 

I  problem,  but  unsuccessfully  so  far*    Most  of  the  metals  generally  called 

I  infusible  are  not  nearly  refractory  enough*     It  is  quite  easy  lo  melt 

I  .'5«ch  things  as  tungsten  and  molybdenuo)  into  globules  ut  the  tempera- 

I  tures  necessary  for  high  eftieicncies.     To  oust  the  carbon  hunp  a  great 

I  ^dr*mce  in  temperature  is  necessary,     I  have  found  a  metal  that  seems 

Refractory  enough »  but  it  has  too  low  resiitancCj  and  there  are  \'ery 

^t^rious  difticulties  in  making  v^ires  of  it,     It  would  seem  that  black 

^^xides  ought  to  make  good  filaments.     Most  of  these  substances  melt 

^ily.    They  conduct  when  first  madCt  and  go  on  conducting  when 

'*<^t.    But,  if   then   allowed  to  cool,  it  will  be  found   that   they  have 

^^udergone  a  change  and  no  longer  conducL   The  black  or  brown  oxide 

i^f  vanadium  is  a  good  example  of  this. 

Tlieidea  of  making  lamps  of  carbides  has  become  very  fashionable 
iildy,  Feopie  have  put  oxides  into  carbon  for  the  last  twenty  years. 
^'hc  old  idea  is  to  get  hold  of  an  oxide  that  radiates  more  light  at  a 
^iveu  temperature  than  it  ought  to,  which  is  itself  a  fallacy,  while  the 
*  dca  of  oxide  in  contact  with  carbon  is  c  hemic  ally  absurd.  There  is  no 
^xide  irreducible  by  hot  carbon.  The  carbides  are  not  by  any  means  all 
i-efractory.  Some  are,  though,  but  there  are  immense  diflieulties  in 
making  carbide  lamps.  I  have  made  low  resistance  carbide  kimps 
which  stood  high  temperaturesj  but  that  is  a  very  small  step  on  the 
^TOy.  Mr.  W,  ii»  Story  has  gone  on  with  this,  beginning  where  I  left 
off.  After  two  years'  solid  work  he  has  made  no  carbide  lamps,  but  I 
clieve  he  will  eventually.  To  make  a  6ne  iilament  of  an  infusible 
ateriai,  which  can  be  made  only  at  electric  furnace  temperatures 
and  which  is  generally  decoJU posed  by  moist  air,  is  not  an  easy 
task.  It  is  easy  to  think  you  have  made  a  carbide  lamp  by  incorpora- 
ting an  oxide  in  the  filament  materiali  but  the  resulting  ftlameut  is 
generally  mostly  if  not  wholly  carbon-  What  happens  to  the  metal 
under  the  circumstances  is  rather  a  mystery*  There  is,  however,  a 
chance  of  enlarging  our  hmits  in  incandescent  lamps  of  the  ordinary 
kind,  but  it  seems  strange  that  the  melting  points  of  all  known  materials 
should  suddenly  reach  a  higher  limit.  Assuming  the  Stefan -Boltzm an n 
law  for  ordinary  light  radiations,  the  fact  that  the  efficiencies  of  refractory 
ics  all  reach  limits  of  the  same  order  shows  that  the  most  refractory 
dies  melt  at  about  the  same  temperature,  somewhere  in  the  neigh- 
bourhood of  3,000*  A.  As  melting  points  are  dotted  along  the  tem- 
perature scale  from  16"  A.  for  hydrogen  and  something  lower,  not  yet 
determined,  for  helium  and  bodies  ending  in  "  on  "  up  to  about 3,000°  A., 
e  might  expect  some  to  go  up  to  4,000,  5,ooOj  and  so  on.  Whatever 
inter-molecular  forces  may  be  that  bind  the   particles  to  make 
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M>li(l>.  the  vihiatiuii  forces  due  to  temperature  seem  to  overcome  the 
;»reatest  at  abiuit  J^ux.). 

In^ltead  of  an  ordinary  conductor,  NeriiNl  uses  aii  elcctrolj'te  which 
standi  a  hij^her  temperature.    The  conduction  is  electrolytic,  as  can 
eaNily  he  sliown,  but  there  are  many  curious  plienomcna,  many  of  them 
M)  far  unexplained,  in  the  Nernst  lamp.    The  efficiency  of  the  Nernst 
lamp  is  about  0*6  candle  per  watt.     It  was  at  one  time  supposed  to  owe 
its  efliciency  to  selective  emission,  but  there  is  no  reason  to  doubt  that 
it  is  a  pure  temperature  radiation.      It  mi^ht  be  said  that  as  a  vacuum 
lube  and  a  Nernst  glower  both  conduct  electrolytically,  both  being 
transparent,  the  Xernst  may  work  by  direct  conversion  of  electrical 
j-jower  into  radiation  :  but  it  does  not  work  in  this  way,  at  least  not 
mainly.     Kmissivity  seems  to  vary  with   temperature  in  the  case  of 
solids  and  liquids.      A  transparent,    that  is  to  say  a  non-absorbing, 
j^as  does   not   radiate  wlien   heated,   but   a  transparent    solid  emits 
when   liot  even  those  rays  which   it  docs    not    absorb  when  cold. 
Recently    st)me    writers     have     treated    the    ordinary   carbon    fila- 
ment   as    being    transparent   when    hot.      If    it  were   transparent  it 
would  not  follow  the  cosine  law,  but  it  :dso  would  have  to  conduct 
electrolytirally.     The  idea  of  carbon  conducting  electrolytically  is  too 
extreme  to  be  entertained.     It  is  ditTicult  to  say  how  the  idea  of  the 
transparency   of    hot   carbon  has  arisen.     Perhaps  carbon   does  not 
behave  as  a  '*  black  body  "  because  it  is  not  quite  black,  and  because 
its  index  of  refraction  is  widely  different  from  that  of  a  vacuum,  so 
that  it  may  depart  from  the  law  of  cosines  and  look  brighter  in  the 
centre,  as  if  transparent.    The  Nernst  lamp,  however,  gets  us  nearer 
our  limits  both  by  high  temperature  and  high  pressure,  so  that  it  pushes 
out  the  limits  of  consUint  pressure  distribution.    One  difficulty  in  the 
electrolytic  lamp  is  to  get  the  material  to  conduct  at  a  low  enough 
temperature,  and  to  stand  a  high  temperature  too.    The  Nernst  lamp  is 
essentially  zirconia,  which  stands  a  high  temperature.     A  little  basic 
oxide  of  the  yttria  group  is  added,  and  there  is  probably  formed  a 
portion  of  zirconate  of  these  metals,  which  is  fusible  enough  to  conduct 
at  a   lower  temperature.     This  subject  needs  elucidation,  as  the  zir- 
conatcs  are  probably  like  the  silicates,  forming  a  long  series.    Moreover, 
zirconia  and  yttria  in  the  proportions  for  simple  zirconate  form  a  very 
infusible  material.     The  whole  subject  is  very  obscure.    We  cannot 
say  we  have  got  anywhere  near  our  limits  of   high  temperature  effi- 
ciency of  running,  low  temperature   in  starting,  or  high  pressure  in 
the  electrolytic  lamp.' 

Electric  Heating. 

The  limit  of  electric  heating  is  clearly  purely  financial.  To  convert 
heat  into  other  energy  with  a  very  small  efficiency  and  to  send  it  out 
by  expensive  cables  and  then  to  degrade  the  energy  down  to  heat  again 
is  obviously  much  dearer  than  burning  coal  or  gas  direct.  But  in  many 
domestic  cases  the  convenience  is  so  great  that  the  limit  is  not  so  low  as 

»  See  Note  G,  p.  41,  "  Elficiency  and  Temperature." 
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^H|i|^t  be  thought,  and  electric  heating  for  cooking  and  other  dome.sljc 
^S^  may  develop  considerably.     The  electric  arc  and  incandescent 
I      lamps  are  essentially  cases  of  electric  heating*     By  far  the  most  impor- 
tant use  of    electric  heating   is  the  furnace.      Here  the  temperatitre 
available  is  only  limited  by  the  volatiUsatioo  of  the  electrodes,  and  this 
enables  us  to  get  temperatures  otherwise  unavailable »  so  that  we  can 
gtt  chemical  actions  which  are  impossible  at  low^r  temperatures,  either 
because  they  are  endothermic  or  because  the  materials  do  not  come 
into  ehemica!  contact  at  ordinary  temperatures.     II  is  imposMbic  to  siiy 
what  our  limits  are  in  the  electrical  furnace*     Probably  the  temperatyrc 
15  limited  by  the  volatilising  of  carbon.     The  products  are  not  limited 
to  endothermic  compounds,  the  furnace  is  useful  for  the  reduction  of 
metals  and  phosphorus ;  and  for  melting  glass  and,  it  is  hoped^  silica  for 
optical  and  laboratory  purposes,  and  perhaps    for    cooking   utensils 
^nd  evaporating  pans  and  crucibles    iu  chemical    engineering    and 
metallurgy » 

Railways. 

It  is  almost  absurd  to  begin  to  consider  the  limits  of  the  use  of 
elech'ical  transmission  on  railways  at  this  date.  The  ftiture  of  electric 
railways,  electric  tram\vaySj  and  automobiles  i;*  rather  a  matter  of  vague 
Cofljectnre  and  picturesque  prophecy*  Tubes  are  multiplying  rapidly, 
;trid  railways  are  putting  down  electric  transmission  on  suburban  Unes 
in  Europe  and  the  States,  On  short  lines  with  many  stops  we  have  to 
contend  with  inefficiency  at  starting.  On  long  lines  there  is  difficulty 
of  transniission  or  cost  of  transformation  and  difficulties  of  collection. 
We  are  very  much  handicapped,  or  limited  by  the  want  of  a  suitable 
variable  speed-gear  for  large  powers.  For  short  lines  the  ordinary 
f  ram  way  system  is  used  and  many  schemes  have  been  proposed. 
Three -phase  motors,  either  in  cascade  with  high  primary  pressures,  or 
;u- ranged  simply,  arc  being  tried  and  have  many  advantages.  Various 
arrangements  of  motors  have  also  been  discussed  or  tried.  Series 
distribution  has  been  proposed  but  never  tried.  Though  it  superficially 
resembles  series  tramways  it  differs  essentially  in  the  switches  being  a 
long  way  apart^  and  not  worked  by  the  train,  and  having  constant 
current  variable  speed  generators.  One  difference  makes  it  practical  as 
far  as  the  switches  go,  the  other  efficient.  But  a  variable  speed -gear 
would  solve  the  difficulty  very  much  better  than  any  of  these  scheme*^. 
We  could  then  have  simple  alternating  circuits  with  all  the  consequent 
ease  of  transmission  and  transformation,  and  the  trains  could  go  at 
suitable  speeds  with  high  efficiencies  throughout  The  Leonard  is  an 
electrical  variable  speed-gearj  but  it  is  expensive  and  not  very  efficient, 
A  few  mecfianical  gears  have  t>een  proposed  to  vvork  with  synchronous 
aliumattng  motors.  The  most  obvious  arrangement  is  a  system  of 
pumps.  Air  pumps  with  a  reservoir  have  been  proposed.  A  system  of 
oil  pumps  of  variable  stroke  is  also  in  use  to  some  extent  for  automobiles/ 
But  machinery  of  that  sort  practically  means  that  an  electromotive  must 

I  '  Svc  Xo/v  U,  p.  4T,  ^' Variahle  Speed  GeB,Y:' 
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have  not  only  a  motor  of  say  i,ooo  kw.,  but  what  amounts  to  two  sets  of 
motion  work.  This  must  mean  serious  expense.  We  may  therefore 
say  that  we  are  limited  by  the  want  of  either  a  variable  speed  simple 
alternate-current  motor,  or  a  simple  variable  speed-gear  capable  of 
transmitting^  a  very  large  torque,  and  packing  into  an  engine.  A  recently 
developed  scheme  is  tlie  use  of  low-frequency  alternating  currents  with 
laminated  series-wound  motors.  This  solves  the  difficulty,  but  at  the 
expense  of  large  idle  current,  induced  pressure  in  short-circuited  arma- 
ture coils,  large  expensive  and  inefficient  transformers,  and  the  ordinary 
disadvantages  of  the  series-motor  on  constant  pressure.  This  plan  is 
well  worth  serious  study. 

The  collection  of  large  currents  at  great  speeds  has  long  loomed  as 
a  limit.  The  published  accounts  of  experiments  at  Zossen  would  lead 
us  to  suppose  there  is  no  trouble  on  this  score.  Still  it  is  a  difficulty 
many  engineers  fear. 

In  electric  tramways  there  is  no  limit  in  sight.  The  power  can  be 
sent  over  any  distance  desired,  and  there  seems  to  be  no  limit  to  the 
people  who  want  to  travel  on  electrical  trams.  The  question  of 
electrolysis  is  rather  that  of  a  limit  to  the  duration  of  pipe  companies' 
property.  It  is  a  very  difficult  question.  Though  the  threatened 
effects  of  electrolysis  have  no  doubt  been  exaggerated  it  is  at  best  a 
question  of  degree,  and  the  ingenuity  of  engineers  is  continually 
reducing  the  chance  of  damage.  It  has  recently  been  urged  that 
frequent  reversals  of  polarity  of  the  system  reduces  the  electrolysis  very 
considerably. 

Electrolysis. 

This  is  a  branch  of  industry  in  which  it  is  very  difficult  to  tell  our 
limits.  In  electrolytic  copper-refining  our  limit  is  that  of  the  copper 
wanted.  Our  electrolytic  industries  suffer  mostly  from  the  limits  of 
intelligence  of  the  investing  public.  It  is  assumed  that  we  cannot  do 
electrolysis  in  England  because  we  have  no  water  power.  This  is  only 
an  excuse  for  inactivity.  As  already  explained,  we  can  do  just  as  well 
without  water  power.  A  blast  furnace  is  much  more  valuable  than  a 
waterfall  of  similar  power,  because  it  is  near  coal  and  in  an  industrial 
district.  Moreover,  as  already  explained,  the  cost  of  electrical  energy 
is  a  small  portion  of  that  of  most  electrolytic  products.  At  first  electro- 
lysis was  to  be  applied  to  copper-refining.  Then  to  caustic  soda.  The 
output  of  electrolytic  caustic  is  really  rather  limited  by  the  demand  for 
bleach.  What  is  urgently  wanted  is  some  other  way  of  storing  and 
carrying  chlorine.  Steel  bottles  and  compression  plant  are  an  un- 
satisfactory solution.  What  are  the  limits  in  the  way  of  electrolysing 
fused  salt  ?  They  are  all  incidental  limits.  The  containing  vessel  is  a 
difficulty.  Sodium  vapour  attacks  all  silicates.  Sodium  distils  near  the 
temperature  of  fused  salt.  If  not  volatilised  it  forms  a  conducting 
bridge  from  the  cathode.  It  attacks  iron,  though  slowly.  Hot  porce- 
lain and  earthenware  conduct  electrolytically — as,  by  the  way,  the 
maker  of  electric  frying-pans  knows— hot  chlorine  attacks  metals,  even 
when  dry,  and  hot  carbon  cannot  be  exposed  to  the  air.  In  addition 
sodium  and  perhaps  chlorine  are  soluble  m  Vvo\.  s>?l\.,  2ca^  \x^^^"^  ofl 
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sulphate  in  tlie  salt  act  as  carriers  as  sulphate  and  solphidc*    I  could  a 

I      tale  unfold  if  I  read  out  laboratory  notes  of  sodium  experiments  on  a 

^b  birly  large  scale.    The  difficulties  are  all  iocidcntat^  though^  and  I  have 

^■little  doubt  electrolytic  sodium  at  a  few  pounds  per  ton  will  be  in  the 

^r  market  soon,  and  will  affect  profoundly  many  chemical  and  metalhirgi- 

I      cal  industries.     I  would  like  an  opportunity  to  continue  experiments 

■     myself,  but  others  will,  I  feel  certain,  soon  succeed* 

I  In  metallurg}^  electrolytic  solution  processes  are  in  use  or  on  trial  for 

W       fhe  more  valuable  metals,  such  as  copper  and  nickel.     The  reaction 

J       between  chlorine  and  metallic  iiulphidcs  at  high  temperatures  brings 

the  whole  domain  of  sulphide  ores  under  our  sway.    Thus  a  sulphide, 

say  galena,  is  treated  with  chlorine,  which  gi%'es  off  the  sulphur  as 

sulphur^  which  is  condensed  and  sold,  making  chloride  of  lead.    Tlie 

silver  is  extracted  by  stirring  with  a  little  lead,  and  the  fused  salt  is  then 

electrolysedj  yielding  pure  desilverised  lead  and  chlorine.    The  process 

lis  thus  self-contained,  yielding  sulphur,  lead,  and  silver.     It  is  specially 

a.pplicable  to  mixed  refractor}-^  ores  which  are  now  nearly  valueless  and 

'Very  plentifulj  and  contain  much  metal  content,  such  as  the  mixed  lead- 

5^inc  sulphides  of  America  or  Australia,    These  reactions  have  been 

proved  on  the  large  or  ton  scale,  and  there  is  jio  technical  difficulty. 

X.^n fortunately  mine  people  are  somewhat  ignorant  of  electrical  matters, 

and  it  is  exceedingly  difficult  to  get  them  to  understand  or  appreciate 

a  process  like  this,  capable  though  it  may  be  of  paying  good  dividends 

On  very  large  capitals  indeed. 

In  all  these  metallurgical  extractions  we  may  roughly  take  the  cost 
of  energy  as  a  farthing  per  kilowatt'hour  for  steam,  and  half  that  for 
gas.  Allowing  a  rough  average  pressure  per  cell,  we  may  take  it  that 
electric  energy  costs  .£100  per  tonne-  or  ton-equivalent  by  steam  and  £^0 
by  gas.  That  would  be  £2  a  ton  for  zinc,  £1  for  lead,  £3  for  coppur, 
and  iron  by  steam,  and  half  these  figures  by  gas  power.  This  means 
that  the  metallurgy  of  all  the  sulphides,  except  perhaps  iron,  is 
within  our  grasp.  It  may  pay  to  make  a  pure  iron,  free  from  phos- 
phorus, silicon,  manganese,  and  carboji  at  something  under  ^10  a  ton 
>frQm  pyrites  ores  (which  may  also  contain  zinc,  nickel,  copper,  etc.), 
^lud  then  add  exactly  the  desired  amount  of  other  constituents  or 
^^ physic**  to  produce  with  accuracy  steels  of  special  grades. 
But  our  limit  in  electrolysis  in  this  country  is  almost  entirely  human- 
inertia.  Commercial  and  financial  people  do  not  understand  it,  and 
fight  shy  of  it*  But  our  technical  people  arc  nearly  as  bad.  The  pure 
ptiysicist,  as  a  rule,  takes  no  interest  in  electrolysis  or  physical  chemistrj', 
^lEi  tliinks  it  belongs  to  the  chemical  classroom  on  the  other  side  of  the 
P^ssitge.  The  chemist  thinks  it  is  higher  mathematics  and  wilt  have 
iione  of  it,  the  mathematician  thinks  it  may  be  an  exercise  in  d  iff  ere  n- 
l"^  equations  :  but  they  are  all  agreed  that  it  is  a  sort  of  Continental 
hngu&  w^hich  flourishes  with  no  roots,  and  that  it  is  beneath  the  atten- 
tion of  a  scientific  msTn  to  know  enough  about  it  to  give  a  reason  for 
^lie  hroad  statement  that  it  is  all  nonsense, 

I  have  now  tried  to  bring  before  you  the  various  baifvets*  \m\\\c\v 
^Ppear  to  bar  our  progress  in  various  directions ;  il  is  Iqx  ^ov\  1q  ^^ 
fihoscyoa  can,  and  to  get  round  the  rest 
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The  term  motivily  was  introduced  by  Kelvin  {Phil.  Mag,  1879,  Math, 
and  I  Ml  vs.  Papers,  I.),  but  is  not  used  much  now.  The  expression 
••Available  ener|5\-"  is  well  known  and  clear,  though  through  an 
obvious  slip  in  the  first  edition  of  Maxwell's  ''Heat'  it  was  called, 
but   not   confused   with,  "entropy."     The  term  Motivity  suggests, 
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Mutivity, 
Fig.  5- 

according  to  the  modern  fashion  in  nomenclature,  a  specific  quantity, 
but  I  have  no  right  to  use  it  in  a  new  sense.  I  therefore  suggest 
*'mutivity,"  which  is  a  contraction  for  "  mutativity,"  to  denote  the 
changeability  or  convertibility  of  the  heat  into  other  forms  of  energy. 
The  mutivity  is  thus  a  number  equal  to  (0,  — 0o)/0„  which  is  less  than 
unity,  so  that  the  mutivity  is  the  available  energy  per  joule.  The 
energy  integral  of  the  mutivity  is  thus  the  available  energy.  The 
curves  Fig,  5  give  roughly  the  mutwity  cottespowdVw^  lo  ^^\vc»a& 
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temperatures.    Thus  if  one  wants  to  find  the  value  of  some  beat  at, 

savj  600**  absolute  with  a  lower  Hmit  of  200,  the  iinc  sturtin^  from 
200  h  foUowxd  till  it  cuts  the  horizontal  600''  bue*  The  other  ordinati^ 
gives  the  mutivity  o'66. 

Note  ^.^CoMMox  Sexse  Scientific  Units, 

To  talic  of  boiler  pressures  in  me^adynes  per  square  centi  in ut re  may 
icem  stran^^e.    We,  the  electrical  engineers^  have  an  almost  perfect 
Kkntihc  system  of   units  so  that   the  quantities  lianj^  together  in  a 
sfcnsible  w^ay.    No  one  w*ho  once  understands  the  C.G»S.  system  ever 
wanls  to  work  any  other.     If  a  man  never  wants  to  apply  thermo- 
dynamics to  anything  but  British  steam  engines,  and  never  wants  any 
foreigner  to  read  his  workj  and  never  wants  to  know  what  is  done 
tjutiidt  this  small  isLind,  the  Enghsh  system  miiy  suit  him  if  his  time 
is  of  so  little  value  that  he  does  not  mind  a  tangle  of  useless  coeffrcients, 
Ifjbwcver,  any  one  w^ants  to  do  quantitative  work— and  all  such  work 
stiouid  be  quantitative — the  ordinary  units  and  tables  in  themiodyna- 
niiciare  teiTible*     In  England  we  measure  heat  in  thermal  units  wnth 
no  name,  and  energy  in  foot -pound  !?i,  a  act  power  in  horse-power.     Our 
Ifii^rniometer  is  graduated  without  any  apparent  relation  to  anything, 
n  hiis  been  said  that  its  ^ero  is  the  temperature  of  ice-ereani,  and  its 
^00 that  of  the  fevered  patient  who  consumed  it.    Mr.  Kam  hus  pointed 
t*U^tbat  each  degree  really  corresponds  to  the  expansion  of  mercury  by 
a  ten- thousandth  pait.     Our  pressures  are  in  pounds  per  square  inch 
less  the  magic  number  i^'(x.)byy  but  we  lake  eondenser  pressures  as  the 
jJiiTcrence  between  the  number  of  incfies  of  mercury  read  and  nyi^i. 
These  meitsurements  involve  a  huge  amount  of  unnecessary  arithmetic 
vvLTy  time  they  are  used.    This  means  w*aste  of  time  and  chance  of 
inaccuracy.    The  French  are  by  no  means  beyond  reproach.     Their 
pressures  are  cither  in  atmospheres^  atmospheres  less  one,  or  in  milli- 
irietres  of  mercury^    The  Centigrade  scale   is  just   as  absurd  as   the 
Fahrenheit,     Even  with  275  added,  it  has  no  numerical  relation  with 
anything.     Some  day  w^e  will  perhaps  have  an  atisolutc  scale.     But  prac- 
Ikallv  all  thermodynaniicai  workers  fail  to  realise  that  heat  is  reallv 
cnergyj  and  have  a  special  unit  of  heat  depending  on  the  specific  heat 
oi  water  w4iieh  has  nothing  to  do  with  anything  else.    We,  as  the  most 
^cientilic  of  the  engineers,  ought  to  use  our  own  scientific  and  rational 
uinls.  so   that    the   horse  power,  foot-pound,  pound  ptr  square  inch, 
poaiidal,  caloriCj  British  thermal  unit,  inch    of   vacuum,  and  all  the 
iHousand  and  one  silly  weights  and  measures  may  be  helped  into  the 
limbo  of  disuse. 


Kotc  C.~EsrnovY, 


^  There  is  an  unfortunate  misconception  as  to  the  nature  of  the  func- 
tion tiitropy  in  most  treatises  on  the  steam  and  gas  engine,  and  m  the 
^^  of  the  ^1^  diagram,     Clausius  dethied  entropy  so  that^- 

y^^  whole  idea  of  entropy  is  that  in  every  change  in  nature  it  must 
jncrease,  otherwise  the  change  cannot  occur.  In  the  hypothetical  but 
irtipossible  case  of  reversibilit}^^ 
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where  the  brackets  mean  that  the  integration  is  round  a  closed  cycle, 


and — 
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The  study  of  reversible  chanj^es  occupies  most  of  the  space  in  books 
on  thermodynamics,  just  as  the  study  of  frictionless  mechanisms  throws 
light  on  engineering  problems  ;  but,  though  it  is  numerically  correct  in 
the  limiting  and  purely  hypothetical  case  of  reversibility,  the  equation 

as  a  deilnition  of  entropy  is  fundamentally  wrong.  It  gives  a  wholly 
wrong  notion  of  entropy.  The  temperature  entropy  diagram  was,  I 
believe,  first  brought  forward  by  Gibbs  (Trans.  Connecticut  Acad.  II. 
1873,  p.  30(;).  This  paper  is  difficult  to  get  in  English,  but  a  translation 
is  accessible  in  "  Thermodynamische  Studien,"  Gibbs,  pub.  Engelmann. 
Here  the  author  is  definitely  dealing  mainly  with  hypothetical  rever- 
sible processes  and  the  properties  of  fluids,  and  such  things  as  perfect 
gases,  and  any  one  reading  the  paper  alone  would  get  a  wrong  idea  of 
entropy ;  but  it  was  rather  meant  to  clear  the  ideas  of  students,  and  did 
not  affect  engineers.  We  really  owe  the  practical  use  of  the  entropy 
diagram,  and  the  insight  we  have  gained  through  it  in  spite  of  the 
confusion  as  to  entropy,  to  Macfarlane  Gray.  In  his  papers,  "The 
Ether-pressure  Theory  of  Thermodynamics  "  and  "  Rationalisation  of 
Regnault's  Experiments"  (Proc.  Inst.  Mech.  Engin.  1889,  p.  379),  the 
dehnition  of  entropy  is  as  faulty  as  Gibbs' ;  but  he  again  is  discussing 
the  properties  of  steam  and  dealing  with  reversible  processes,  so  again 
there  is  no  numerical  error.  In  discussing  the  0,0  diagram  of  an  engine, 
however,  it  is  usual  to  define  the  entropy  by  the  equation  </0  =  f/H/0, 
which  is  wrong,  and  to  lay  down  that  the  area  of  the  0,0  is  equal  to  that 
of  the  p,v  diagram  (divided  by  the  mechanical  equivalent  of  heat). 
This  incorrect  definition  has  no  doubt  given  rise  to  the  notion  that 
entropy  is  the  factor  of  heat  corresponding  to  temperature.  I  think 
Zeuner  first  called  entropy  "  heat  weight,"  a  confusion  of  thought  which 
is  constantly  cropping  up.  The  whole  object  of  engine  analysis  is  to 
trace  irreversible  changes.  If  the  diagrams  were  of  the  same  area,  after 
multiplying  by  the  wholly  unnecessary  coefficient,  the  engine  would  be 
reversible  and  perfect,  and  there  would  be  no  use  in  investigating  it. 
The  badness  of  an  engine  in  its  way  of  using  its  working  fluid  should 
come  out  in  terms  of  the  excess  of  the  0,0  over  the  /,7'  diagram.  In 
thermodynamics  there  is  a  constant  tendency  to  confusion  between  the 
working  substance  and  the  reservoirs.  Entropy  is  a  function  that 
essentially  concerns  the  reservoirs.  Thus  a  perfect  engine  would  allow 
no  increase  of  entropy.  If  an  engine  and  a  boiler  were  perfect,  the 
entropy  taken  in  by  the  water  from  the  hot  gases  would  be  equal  to 
that  given  to  the  condenser  water.  There  are  various  increases  of 
entropy  in  practice.  The  most  important  are  increases  of  entropy  due 
to  adding  feed-water  below  the  boiler  temperature,  wire  drawing  steam, 
heating  the  air  by  convection  and  radiation  of  steam  pipes  and  engine, 
conduction  between  cylinder  walls  and  steam,  conduction  through 
cylinder  walls  from  jacket,  sudden  expansion  into  condenser,  and 
mechanical  friction  throughout  the  mechanism.  The  importance  of 
each  growth  of  entropy  depends  on  the  temperature.  The  temperature 
integral  of  the  irreversible  increase  of  entropy  would  be  an  area  on  a 
real  0,0  diagram.  The  total  area  of  the  0,0  diagram  would  then  exceed 
that  of  the  work  of  the  engine  (or  of  the  f,v  diagram  if  the  mechanical 
friction  is  excluded)  by  this  area,  which  would  represent  the  badness 
0/  the  engine.    To  give  a  clear  idea  oi  t\\c  va.\u^  oi  lVv\s»  loss  the  mutivity 
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liould  come  in  as  a  coefficient  right  through*    Tliis  h  done  graphically 
y  cutting  off  the  boUom  of  the  nrea.     We  should  therefore  localise 
all  increases  of  entropy  id  an  engine,  and  then  try  to  prevent  them. 

It  may  be  urged  that  the  definition  of  entropy  with  which  I  iind 
fault  is  ^ivtjn  not  only  in  engineering  text-books,  but  that  it  occurs  in 
fiine  out  of  ten  treatises  on  mathematical  physics.  That  is  so ;  most 
writers  define  entropy  incorrectly.  As  the  mathematical  treatment  of 
reversible  processes  naturally  occupies  most  of  their  attention,  an 
incorrect  definition  gives  no  quantitati%*e  error  untii  irreversible  pro- 
ccs^s  are  considered.  The  mathematical  physicist  then  generally, 
perhaps  consciously,  rises  to  accuracy*  but  sometimes  he  does  not. 
Adiabatic  and  iseotropic  are  thus  also  defined  as  synonymoiis.  The 
isentropic  or  cur%^e  of  constant  entropy  does  not  coincirle  Mth  the 
adiabalk  or  curve  of  no  passage  of  heat  except  in  hypothetical  reversi- 
ble changes.  On  a  p,  v  diagram  the  adiabatic  curve  may  be  anywliere 
bet^veen  the  isentropic  and  the  isothermal  coinciding  with  either  in  a 
limiting  case.  Unfortunately  also  entropy  fell  among  pedagogues. 
The  pedagogue  takes  d^  as  a  leading  illustration  of  an  exact  differential 
It  is  extraordinary  that  out  of  the  whole  domain  of  physics  he  should 
select  the  one  differential  whose  conspicuous  characteristic  is  that  in 
nature  it  never  is  exact*  Perhaps  he  has  a  fellow  feefing  for  it.  It  is 
sometimes  stated  that  if  the  quantity  is  a  single  valued  function  of  the 
co-ordinates^^  its  differential  is  exacts  and  that  is  what  exactness  means, 
which  is  also  inaccurate.  This  not  only  shows  that  it  is  iuEnitely 
easier  to  work  with  mathematical  symbols  than  to  get  a  clear  grasp 
of  their  physical  meanings  but  it  emphasises  the  extreme  difficulty 
and  slippcriness  of  therm ody nam ical  work  in  particular* 

Nok  D. — The  Stan  da  kd  Candle, 

The  standard  candle,  which  ought  to  give  a  light  of  41^,  is  about  as 
absurd  as  the  horse-power.  The  candle  and  the  horse  are  about 
equally  nearly  obsolete,  and  the  candle  is  about  as  likely  to  ^ive 
a  candle-power — or  ^w  units  of  British  light — as  a  horse  to  give  a  horse- 
power. The  horse  has  one  advantage  over  the  candle  :  he  is  'not 
mcxtricably  mixed  up  with  the  4^  controversy,  and  well-meaning 
people  do  not  try  to  rationalise  him  as  a  unit* 


NoU  A\— Ikvkkted  Ratios, 
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^m  There  is  a  curious  tendency  among  engineers  and  other  scientihc 
men  to  get  ratios  wrong.  People  talk  of  efficiencies  in  *' watts  per 
citadle";  ''pounds  of  steam  per  horsc-power-hour,"  a  specially  bar- 
barous unit  ;  insulation  in  megohms  per  mile  :  specific  resistance  in 
aiicrohms  per  cubic  centimetre  ;  and  muzzle  velocity  in  foot-seconds  j 
U'hile  elasticity  is  defined  so  that  perfectly  elastic  means  absolutely 
''igid.  The  "  candle  foot  *'  and  *'  candle  metre  "  or  '*  earcel  metre "  are 
^ow  coming  in  to  add   to  the  unnecessary  inaccuracy  and  confnsion. 

Ih  is  sincerely  to  be  hoped  that  we  soon  have  light  units  in  terms 
N'  w^atts  and  temper  at  ui'e  of  radiation,  so  as  to  i'lt  into  the  C.G,S. 
psteni. 


Nok  F.— Back  Electromotive  Force  of  the  Arc. 


Ohm*s  lau%  C^E/R,  is  really  a  statement  of  a  physical  fact, 
^^simely,  that  if  the  other  physical  conditions  remain  constant,  the  ratio 
^f  C  and  E  is  invariable.  It  is  not  a  mere  definition  1  lhQ\i^\\  vl  \% 
-^    definition  ioo.    But  i£  the  physical  conditions  a\t\:r  -wvlVi  N^'vaJCvot^ 
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of  C,  there  is  only  left  a  definition  of  R  as  being  equal  to  £/C.  We 
cannot  by  any  measurements  of  E  and  C  find  out  anything  about  the 
nature  of  R.  If  we  choose  we  may  write  C  =  E/R  +  e/R,  where  e  is 
defined  as  a  pressure  which  may  be  negative,  and  R  is  defined  as 
a  resistance.  Any  attempt  to  determine  R  and  e  from  measurement  of 
C  and  E  is  merely  an  attempt  to  solve  a  single  equation  with  two 
unknowns,  which  is  absurd.  If  two  or  more  sets  of  readings  of  E  and 
C,  E'  and  C*  and  so  on  are  taken,  a  fancy  definition  of  R  and  e  may  be 
given,  so  that  C  =  (E  +  e)  R,  C*  =  (E»  +  c)  R,  etc.,  and  if  many  readings 
are  approximately  consistent  with  constant  values  of  e  and  R  they 
may  be  called  electromotive  force  and  resistance,  but  they  are  only 
fancy  names,  and  have  no  physical  meanings.  If  many  readings  are 
inconsistent  with  constant  values  of  e  and  R  some  qualifications  may  be 
given  to  them,  but  still  there  is  no  physical  knowledge  obtained.  AH 
the  measurements  of  E  and  C  in  the  world  can  only  give  E  and  C  ;  we 
may  give  any  names  we  like  to  functions  of  E  and  C,  but  they  give  no 
further  knowledge.  They  are  really  round-about  methods  of  stating  the 
values  of  E  and  C.  The  back  electromotive  force  and  resistance  of 
the  arc  are  thus,  from  this  point  of  view,  mere  matters  of  fanciful 
definition.  A  huge  amount  of  labour  has  been  devoted  to  trying 
to  determine  the  resistance  and  back  pressure  of  the  arc  in  terms  of 
E  and  R.  I  would  urge  that  all  this  is  an  attempt  to  solve  a  problem 
which  does  not  exist,  and  the  waste  of  time  and  trouble  is  due  to  loose- 
ness of  thought  in  not  clearly  defining  the  terms  "resistance"  and  "back 
electromotive  force"  in  cases  where  Ohm's  law  is  no  longer  a  law 
stating  that  a  certain  physical  quantity  is  not  varied  by  changes  of 
current,  but  a  definition,  which  if  accepted  as  C  ^  E/R,  gives  R  merely 
as  a  ratio  of  C  and  E,  or  if  modified  to  C  =  (E  -|- 1)  R  involves  two 
unknowns  in  one  equation.  Not  only  have  innumerable  experiments 
been  made  measuring  C  and  E,  but  their  ratios  of  relative  increase  are 
taken  as  if  they  gave  further  information.^  This  involves  exactly  the 
same  fallacies.  Many  of  the  methods  involve  making  a  change,  say  in 
C,  and  assuming  the  arc  has  not  had  time  to  change  accordingly, 
but  the  arc  is  too  quick.  The  various  ingenious  arrangements  with 
alternating  or  telephone  currents  superposed  on  direct,  or  direct 
superposed  on  alternating  are  of  the  same  type.  They  combine  the 
argument  in  a  circle  as  to  the  definition,  with  an  attempt  to  deceive  the 
arc  by  taking  measurements  before  the  arc  has  time  to  feel  the  changes 
due  to  change  of  current.  These  considerations  are  urged  with  the 
view  of  possibly  saving  unprofitable  work.  The  first  thing  to  do  before 
trying  to  determine  back  electromotive  force  is  to  settle  very  clearly 
and  definitely  what  you  mean  by  back  electromotive  force,  and  by 
resistance.  If  they  can  be  given  in  terms  of  any  measurable  quantities 
other  than  E  and  C,  those  other  quantities  are  to  be  measured.  But 
if  they  are  only  functions  of  E  and  C  there  is  no  use  trying  to  solve 
one  equation  with  two  unknowns,  and  one  is  merely  working  back  to 
his  own  definition,  and  not  making  a  physical  research.  I  urge  this 
with  diffidence,  but  at  the  same  time  with  vigour,  because  we  have  an 
awful  example  before  us  in  the  "  Seat  of  the  Electromotive  Force  "  in  a 
cell.  If  people  had  started  with  a  clear  physical  definition  of  what 
they  meant  by  the  seat  of  electromotive  force,  and  if  they  had 
agreed  as  to  a  definition,  not  only  in  words  but  in  idea,  there  would 
have  been  neither  research  nor  controversy.  We  use  the  terms 
"resistance"  and  "electromotive  force"  so  familiarly  that  we  naturally 
assume  we  know  what  we  mean  by  them.  But  that  by  no  means 
follows. 

From  Ohm's  law  as  a  statement  of  a  physical  property  of  matter  we 
got  to  regard  resistance  as  a  property  in  accordance  with  which 
i/H/ff0=s  C^R  ;  that  is  to  say,  resistance  V\a^  co\\\<i  Vo  wwivvw  ?i  ^toperty 


by  which  electrical  ciierg>^  is  degraded  directly  mio  heat,  an  iiTc\*ersible 

IprocesSi  while  ao  electromotive  force  with  a  current  means  reversible 
change  of  electrical  or  mechanical  or  other  power,  or  t*icc  versa.  This 
[dLfferencet  thotigh  I  have  ne^er  seen  it  formally  stat^,  runs  tacitly 
through  science*  Again*  we  may  regard  electromotive  force  as  being 
produced  onl;?'  by  lines  of  induction  cutting  the  circuit*  to  take  the 
fenide  conception.  This  is  the  same  definition  in  another  form  i  except 
taiat  in  the  reversible  interchange  between  chemical  and  electrical 
energy^  magnetic  induction  is  not  generally  considered.  The  behaviour 
of  magnetic  induction  due  to  the  movements  and  chargings  and  dis- 
cbargings  of  ions  has  not  been  worked  out  in  any  publication  as  far  as 
t  know,  but  it  ought  to  be.  Thermo-electricity  is  worthy  of  study  from 
the  same  point  of  view. 

Taking  these  defmitions  and  going  hack  to  the  arc,  it  is  clear  that 

xiearly  all  the  power    is  spent  at  the  crater.     The  drop  of   pressure 

may  therefore  be  taken  as  being  at  the  crater,  so  that  the  arc  proper  is 

ai early  at  tVie  same  pressure  as  the  other  carbon.     If  the  change  of 

^.■lectrical  energy  is  directly  into  heat,  as  there  is  no  reason  to  dottbi, 

"then  it  is  due  to  resistance  and  not  to  back  electromotive  force»    Ou 

t:he  other  hand,  the  radiation  from  the  arc  itself  is  probably  due  to 

direct  conversion  of  electrical  power  into  radiation ;  that  is  to  say,  the 

^as  does  not  radiate  light  because  it  is  hot,^ — gases  at  3,000'  C.  do  not 

iadiate  an%^  light, — hut  because  the  current  affects  the  particles  in  such 

-I  w^ay  that  they  produce  light.     There  are  thermodynamica!  reasons 

for  treating  radiation  as  heat,  but  as    the  energy  is  not  in   this  case 

lir.st  degraded  to  heat  to  heat  the  gas,  and  then  radiated  l>ecause  tlie  gas 

is  hot,  the  radiation  js  caused  not  by  resistance,  but  b%''  back  electro* 

motive   force.    The   molecular   movements,  whatever    they   may    hv, 

involve  magnetic  induction  increasing  or  decreasing  in  the  interlinked 

circuit  in  such  a  w*ay  as  to  produce  a  back  pressure,  the  power  spent  in 

overcoming  this  back  pressure  going  out  as  a  continuous  stream  of 

radiation.     This  back  electromotive  force  must  be  verj-  small — nothing 

el  t lie  order  of  40  volts  for  instance* 


Note  G,— EFFICIiiNCY  AND  TEMPlilUTUl^E* 

It  is  necessiiry  to  point  out  that  the  view  tlmt  the  efficiency  of  a 
r-uliating  body  depends  on  temperature  only,  and  not  on  the  surface, 
iij  not  generally  held  by  scientific  men,  Sonie  eighteen  years  ago  I 
bdie\'e  I  was  aniinority  of  one  in  holding  that  in  an  incandescent  t>bdy» 
iiwch  as  a  lamp  filament,  the  efficiency  depends  on  the  temperature 
unly :  and  that  the  colour  of  light  depends  on  the  temperature  only. 
Mr.  Riim,  in  his  book  on  the  Incandescent  Lamp,  hokis  this  view,  but 
J'^isan  old  assistant  of  nnne  in  lamp  making  ;  and  we  are  still  a  small 
niinorily  of  two  or  more.  M}'  reason  for  liolding  this  view  was  that  it 
^*emed  to  me  that  if  a  body  with  a  special  surface  gave  out  light  of 
-A  whiter  or  bluer  colour,  the  phenomenon  would  be  al  variance  with  the 
se^ud  law  of  tberniodynamics,  and  the  surface  would  be  doing  the 
^'orkof  M:ixweirs  demon,  not  by  letting  through  only  the  most  rapid 
'tioltciiles,  but  letting  through  only  the  vihralidns  corresponding  witli 
^^%  which  is  much  the  same  thing. 


Nolc  H. — Variable  Sri-iED  Gear. 

A  variable  speed  gear  has  been  [nvcnted  by  Mr.  Hall   for   Uiie   in 
•^^ilomobiles  \  but  his'  gear  is  ulso  applicable  to  eleclvovaolWv^^-    ^^- 
^wwiili  0/  tii'o  sct^  of  oil  ptmip  cngiiics  of  variable  slvoV^i  mouu^^i^via 
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a  rotatiiij^  fnunc.  One  set  of  oil  nuinps  works  on  to  a  fixed  axle,  the 
other  on  to  the  cirivinf^  axle,  and  the  motor  drives  the  frame  round.  If 
the  frame  goes  at  constiint  speed,  the  speed  of  the  driving  axle  varies 
according  to  the  strokes  of  the  pumps.  If  they  are  equal,  the  engine 
goes  at  half  speed.  If  the  lixed  axle  pumps  are  at  no  stroke,  and  the 
moving  axle  at  full  stroke,  the  engine  goes  at  full  speed.  The  speed 
can  thus  l>e  gradually  varied  from  nothing  up  to  full  speed,  and  at  full 
speed  the  efliciency  is  i.     At  half  speed   the  pumps  are  doing  their 


Fk;.  6. 


maxinuun  power.     If  their  efficiency  is  0*9  the  total  efficiency  is  o'l^s 
and  so  on. 

Mr.  Hall  purposes  to  use  two  gears  and  four  motors.  The  driving 
axles  are  connected  with  the  driving  wheels  by  coupling  rods.  The 
electromotive  is  articulated  in  tlie  middle  to  turn  corners  better.    This 


«CZH§ 


Fig.  7. 


system  allows  tlie  train  to  be  run  by  high-pressure  single-phase,  constan.^' 
speed  motors.  At  starting,  on  say  double  torque,  the  current  i^ 
practically  zero,  climbing  up  to  full  current  at  half  speed.  The  change 
is  then  made  from  constant  torque  to  constant  power,  and  the  traii^ 
gradually  gets  up  to  full  speed  with  its  normal  current.  In  ordinaJ^y 
running  the  speed  would  be  about  nine-tenths  of  the  maximum,  to  allo^^ 
a  margin,  so  that  the  oil  pumps  would  transmit  o'l  of  the  actual  poW^^' 
or  about  o*o8  of  the  maximum  power.  Taking  the  pumps*  efficiency  ^P 
be  o*9  the  loss  is  o*oo8,  or  under  one  per  cent,  at  ordinary  speeds.  Th*^ 
system  thus  allows  the  electromotive  to  exert  any  starting  torque  tb^ 
motion  work  is  strong  enough  to  transmit,  or  the  adhesion  to  utilise ' 
while  the  motor  only  takes  in  enough  power  to  run  the  mechanisp'^ 
round;  and  it  .illows  the  electromotive  to  run  at  any  speed  withi*^ 
designed  limits,  taking  just  the  power  nccdvid*,  ;x\\  \\vv<>  >o<im^  done  ^** 
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a  single-phase  altcrnating-currcnt  system  of  convenient  frequency*  wUli 
every  facility  for  transmission  over  grent  distances  and  distil nntiou, 
and  energy  return  on  stopping,  1*he  Hall  electromotive  is  shown 
diagram m at jcally  in  Fig*  6. 

The  electric  motor  permits  of  another  arrangement,  fiowevcr,  in 
which  the  pumps  do  not  rotate.  The  motor  armature  is  on  the  drivinsl 
asle,  and  tlie  Held  magnets  can  revolve  too.  The  lietd  magnets  work 
iwo  stationary  oil  pumps  with  variable  i^trokc*  The  oil  work^  two  more 
oil  pumps  which  act  on  the  driving  axte,  also  with  ^^riable  stroke, 
Tliis  mechanism  has  the  same  economical  results  as  the  Hall  gear, 
Jt  is  shown  in  Fig*  7, 


Mr*  Alkxa>?der  Siemens  :  It  is  my  privilege  to-night  to  movcr*- 

That    the    best    thanks   of    the    Fn slit ut ion    be    accorded    to    Mr* 

Swinburne  for   his  most  interesting  Presidential   Address,  and  Ihatt 

mth  his  permission^  the  address  be   printed  in  the  Journal  of   the 

Proceedings  of  the  Institution/' 

It  is  hardly  necessary  for  nie  to  add  to  the  words  of  the  motion,  and 
FJ  Iherefore  simply  move  that  the  best  thanks  of  the  Inslilulion  be  given 
to  him  for  his  address, 
^_        Mr.  S*  Z.  DK  F'eriuxti  formallv  seconded  Uie  motion^   which  wa^ 
^K^arried  with  acclamation, 

^B  The  Pkesiuent,  in  reply,  said :  Gentlemen^  I  thank  you  very  heartily 
^Kiideed  for  the  exceedingly  kind  reception  you  have  given  to  my  poor 
^^a-ddrcss,  ajid  for  the  great  attention  w*ith  w^hich  you  listened  to  what 
I  am  afraid  was  a  rather  long;  very  dry^  and  technical  address. 


»; 
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The  Pkesiuext  announced  that  the  scrutineers  reported  the  follow- 
i  M^g  candidates  to  have  been  duly  elected  : — 

Associate  Members, 
Vittorio  Giovanni  Lironi,  |  Alejandro  Vogli no. 


AssocitiU^, 


Wm,  H ,  Govier. 
George  T,  Rayner. 
Arthur  Allen  Saward, 


[^"rank  Rossell  Seller. 
Frederick  TurnbulL 
George  Arthur  Webb* 


Si  ltd  at  i, 
George  Wharton  Heliicar, 
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The  Three  Hundred  and  Eighty-first  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  Great  George  Street,  Westminster, 
on  Thursday  evening,  November  27th,  1902 — Mr.  J. 
Swinburne,  President,  in  the  Chair. 

The  minutes  of  the  Ordiiiiirv  Cieiieral  Meeting  held  on  Thursday, 
November  13th,  1902,  were  read  and  confirmed. 

Tlie  names  of  new  candidates  for  election  into  the  Institution  were 
announced,  and  it  was  ordered  that  their  names  should  be  suspended 
in  the  Library. 

The  following  transfers  were  announced  as  having  been  approved  by 
the  Council  : — 

From  the  class  of  Associates  to  that  of  Associate  Members — 

John  Henderson  Mackail. 

From  the  class  of  Students  to  that  of  Associates  — 

S.  L.  Cazeaux. 
Donald  Albert  Hills. 
Francis  Ernest  Pring. 

Donations  to  the  Library  were  announced  as  having  been  received 
since  the  last  meeting  from  The  Director-General,  Indian  Government 
Telegraphs  ;  to  the  Building  Fiiudy  from  Mr.  T.  Gushing ;  and  to  the 
Benevolent  Fund,  from  Mr.  W.  H.  Patchell,  to  whom  the  thanks  of  the 
meeting  were  duly  accorded. 

Messrs.  I).  H.  Kennedy  and  A.  Russell  were  appointed  scrutineers 
of  the  ballot  for  the  election  of  new  members. 

The  Pkksidkxt  :  I  have  now  the  pleasure  to  call  on  Sir  Oliver 
Lodge  to  read  his  paper.  But  before  doing  so,  1  would  remind  this 
Institution  that  the  last  time  we  had  the  pleasure  of  hearing  the 
lecturer  he  was  Professor  Lodge  :  now  he  is  Sir  Oliver  Lodge.  It 
makes  no  difference  to  us  at  all.  We  have  known  him  for  a  long  time, 
and  no  honour  of  this  sort  could  raise  him  in  the  least  in  our  estimation. 
But  at  the  same  time  it  must  be  remembered  that  it  is  a  great  honour. 
To  estimate  the  value  of  such  an  honour  as  knighthood,  you  must 
multiply  the  knighthood  by  the  man  who  receives  it,  and  in  a  case  of 
this  sort  we  all  know  what  the  value  is,  because  here  it  is.  I  now  call 
on  Sir  Oliver  Lodge  to  read  his  paper  on  "  FAvicViows^'* 
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ON  ELECTRONS. 


By  Sir  Oliver  Lodge,  F.R.S*,  Vice-President, 


INTRODUCTION. 

In  Maxwoir±%  Electmiiy  publiiihed  in  1873^  section  57,  the  following 
scivlcnce  occurs  in  connection  with  the  discharge  of  electricity  through 
ga-ses^  especially  thronj^h  rarified  gase?^ ; — 

•*  These  and  many  other  phenomena  of  electrical  discharge  are 
exceedingly  important*  and  when  they  are  better  understood  they 
wiD  probably  thrown  great  light  on  the  nature  of  electricity  as  welt 
as  on  the  nature  of  ^ases  and  of  the  medium  pervading  space/' 

Thi^  prediction  has  been  amply  justified  by  the  progress  of  science, 
and  no  doubt  still  further  possibilities  of  .idvance  lie  in  the  same  direc- 
tionp  Tlie  study  of  conduction  through  liquids  first,  and  the  study  of 
conduction  through  gases  next,  combined  with  a  study  of  the  processes 
involved  in  radiation,  have  resulted  in  an  immense  addition  to  our 
bowledge  oi  tate  years,  and  have  opened  a  new  chapter,  indeed  a  new 
volunie,  of  Ph3*sics. 

The  net  result  has  been  to  concentrate  attention  upon  the  phe- 
nomena of  electric  chargei  and  greatly  to  enhance  the  importance  of 
a  study  of  electrostatics-     Not  long  ago  FitEgerald  used  chaffingly  to 
^peak  of  electrostatics  as   ^'  one  of  the   most   beautiful  and   useless 
adaptations  of  nature ''  \  and  it  was  becoming  the  custom  with  teachers 
ft' ho  felt  that  they  must  attend  exclusively  to  the  practically  useful,  and 
not  wa:^te  their  students*  time  on  decoration  and  superfluities,  almost 
I  to  ignore*  or  at  any  rate  to  scamper  through,  the  domain  of  electro- 
lataUics,  and  to  begin  the  study  of  electricity  with  the  phenomena  of 
I  current,  and  especially  of  the  connection    between  electricity  and 
niagnetisni* 

And  certainly  from  the  severely  practical  point  of  view,  as  well  as 
I  from  many  other  aspects,  this  part  of  electrical  science  remains  the 
'  ^\mi  important ;  but  to  him  who  would  not  only  design  dynamos  and 
Jatge-scale  machinery^  to  him  who  in  addition  to  the  training  and 
aptitude  of  the  engineer  possesses  something  of  the  interests,  the 
instinct,  and  the  insight,  of  a  man  of  science,  to  such  a  one  the  nature 
and  properties  of  an  electric  charge,  at  rest  and  in  motion^  constitute  a 
fasciaating  study  ;  for  there  lies  the  key  to  the  inner  meaning  of  all  the  ^ 
occurrences  with  which  his  active  life  is  so  intimately  concerned^ 
tlietc  lies  the  proximate  solution  of  problems  which  have  excited  the 
^^Uention  and  taxed  the  ingenuity  of  philosophers  and  physicists  and 
"^kemists  since  men  began  to  escape  from  the  struggle  for  hare 
t^^ateuce — that  most  immediatelv  practical  of  all  ocev\pa\:vo\\s — ^^icidlviW 
iw  to  devote  tljcwselvcs,  some  to  art,  some  to  \iteratuvei  ^Qm^i  Vo  l\\ti 
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accumulation  of  superfluous  woallh,  and  some  to  the  f^tuitous  pursuit 
of  speculation  and  pure  theory. 

Your  President,  Mr  Swinburne,  realising  that  a  society  like  this  was 
sure  to  contain  men  eaj^er  to  pursue  their  subject  into  some  of  the  in- 
tricacies far  removed  from  their  immediately  practical  occupations, 
wrote  and  pressed  me  to  come  up  and  give  an  explanatory  sketch  of 
what  had  !>ecn  done  of  late  in  the  world  of  pure  science  towards  the 
elucidation  of  tlie  most  familiar  electrical  processes ;  and  with  but 
little  hesitation  I  consented,  feeling  sure  that  what  the  President  urged 
would  not  be  regarded  by  the  Institution  at  large  as  out  of  place  or 
unsuitable,  though  of  my  own  motion  I  should  never  have  thought  of 
offering  any  such  paper. 

PART  I, 

First  I  must  lay  a  basis  of  pure  theory  :  we  must  consider  the  proper- 
ties of  the  ancient  and  long  known  phenomenon  called  an  electrified 
body. 

Two  substances  placed  in  contact  and  separated  are  in  general 
united  more  or  less  permiinently  by  lines  of  force,  the  region  between 
them  being  in  a  state  of  tension  along  the  lines  and  of  pressure  at  right 
angles.  These  lines  have  direction  :  they  begin  at  one  body  and  end  at 
another,  they  map  out  a  field  of  electrostatic  force,  and  their  termina- 
tions on  one  one  or  other  of  the  bodies  constitute  what  we  call  an 
electric  charge.  Electric  charges  are  of  two  kinds,  one  corresponding 
to  the  beginning  of  the  lines,  tlie  other  to  their  ends.  To  one  class  of  / 
bodies,  called  insulators,  the  lines  appear  rigidly  attached ;  whereas  in  I 
another  class  they  slip  easily  along,  and  are  transferred  from  one  such . 
conducting  body  to  another  in  contact  with  it,  with  great  ease. 

The  tension  in  the  lines  tends  to  bring  the  ends  together  as  near  as 
possible,  giving  rise  to  what  is  observed  as  electrical  attractions  and 
.  repulsions. 

In  empty  space  it  is  probable  that  the  only  way  of  destroying  such 
a  field  of  force  is  to  allow  the  two  bodies  to  approach  each  other, 
and  thus  shorten  up  the  lines  to  nothing;  though  even  so  it  is  not 
probable  that  the  charges  are  destroyed,  but  only  approach  so  dose 
that  they  have  no  external  effect  at  any  moderate  distance.  When 
matter  is  present,  however,  it  may  be  able  to  assist  this  collapse  of  the 
lines  in  various  ways,  giving  rise  to  the  various  phenomena  of  conduc- 
tion and  of  disruptive  discharge. 

If  one  of  the  two  oppositely  charged  bodies  is  sent  away  to  a 
considerable  distance,  while  the  other  is  isolated  and  regarded  alone, 
the  lines  of  this  latter  start  out  in  all  directions  in  nearly  straight  lj|ies, 
giving  rise  to  the  simple  notion  of  a  single  charged  body, — a  thing 
which  is  no  more  really  possible  than  is  a  single  magnetic  pole.  The!- 
other  ends  of  the  lines  must  be  somewhere,  though  they  may  be  so  fail 
away  as  to  be  spoken  of  as,  for  all  practical  purposes,  at  infinity. 

Now  consider  how  far  this  field  of  force  belongs  to  the  body,  and 
how  far  it  belongs  to  space,  that  is  to  the  ether  surrounding  the  body. 
The  body  is  the  nucleus  whence  the  lines  T3Ld\a\.^,\5>\l^^<i'^xi<^\Jaeax- 
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,  jelves,  the  state  of  tension  and  other  properties^  whicli  Ihcy  represent  and  [^ 
map  out  J  do  not  belong  to  the  body  at  all ;  at  each  point  of  space  there 
"    an    electric    potential,  and    this    potential    represents    something  I 
[  occurring  in  the  ether  and  in  the  ether  alone. 
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A  Charged  Sphere. 

Picture  in  the  mind's  eye  such  a  charged  body,  say  a  charged 
sphere^  and  let  it  change  its  position  ;  how  arc  we  to  regard  the  effect 
of  ll:e  displacement  on  its  tield  of  force  ?  Nothing  in  physics  is  more 
certaiii  than  this,  that  when  a  body  mo\^cs,  the  ether  in  Its  ndghboitr 
tiQod  doe^  not  move.  The  elhcr^  in  fact,  is  stationary  :  it  is  susceptibli 
to  jitraiii,  L>ut  not  to  motion ;  it  is  the  receptacle  of  potenttaJ,  not 
locomotive  kinetic  energy. 

The  effect  of  the  motion  of  the  body,  then,  is  to  relieve  the  strain  of 
the  ether  at  one  place  and  to  generate  it  at  another  ;  the  state  of  strain 
travtls  with  the  body,  but  ih  rough  tlie  ether. 

Regai^ding  the  matter  from  the  point  of  view  of  the  ether,  we  might 
.say  that  the  field  of  force  is  constantly  being  destroyed  and  regenerated 
lay  Ihe  body  moves.  Regarding  it  from  tlie  point  of  view  of  the  moving 
(body,  we  should  say  that  it  carries  its  field  with  it. 

The  question  dow  arises— and  it  is  far  from  being  an  easy  question— 
Uliat  sort  of  occurrences  go  on  in  the  ether  when  this  decay  and 
jregeaeration  of  an  electrostatic  field  is  occma-ing,  or  when  a  field  of 
Iforce  is  moving  through  it  ?  Can  it  adapt  itself  instantly  to  the  new 
Iconditions,  or  does  it  require  time  ?  This  matter  has  been  studied, 
dosely  nnd  exhaustively,  by  Mr.  Oliver  Heaviside. 

Fix  the  eye  upon  a  point  a  mile  distant  from  the  body ;  does  the 
iQformation  about  the  modon  of  the  body  reach  that  point  instantane- 
ously, so  that  all  the  lines  of  force  move  like  absolutely  rigid  spokes, 
every  part  simultaneously :  and  if  so,  how  is  the  communication  carried 
on  so  that  the  distant  parts  of  the  medium  can  be  thus  instantaneously 
affected  ?  Or  docs  the  disturbance  only  arrive  at  the  distant  point  after 
rthe  lapse  of  a  small  but  appreciable  time  i  in  otlier  words,  has  there  to 
an  adjustment  to  the  new  conditions — an  adjustment  which  reaches 
"Ibe  nearest  parts  first  and  tlie  further  parts  latec;  and  if  so^  what 
^ditional  phenomena  can  be  observed  during  the  unsettled  period  ? 

The  answer  is  that  during  the  motion  of  the  charged  body,  and  ^ 
even  after  the  cessation  of  its  motion^  until  the  disturbance  has  had 
l^ime  to  die  away  and  everything  to  settle  down  into  static  condition 
'  again,  the  phenomena  of  magtuttsm  make  their  appearance  :  a  new  set 
of  lines  of  force  quite  diiferent  from  the  electrostatic  lines  (although 
'liey,  loOt  ejdiihit  a  tension  along  them  and  a  jiressure  at  right  angles) 
cmrie  into  temporary  being.  These  do  not  driginate  at  one  place  and 
lenninate  at  another  :  they  arc  always  and  micessarily  closed  curves  or 
E^bgs,  and  in  the  present  simple  case  they  are  circles  ail  centred  upon 
^^^  path  of  motion  of  the  charged  body.  At  any  point  ol  space  tliere 
are  now  three  directions  to  consider  :  (i)  there  is  the  original  direction 
of  the  electrostatic  field^the  ongJnal  electric  line  o£  ioxzt  \  {2)  l\ie,tti  vi. 
the  direction  of  the  motion— ^that  is,  a  direction  para\\e\  to  V\ig  mo^em^'^V 
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of  tlic  ch«irged  sphere  ;  and  (3)  there  is  the  direction  at  right  angles  to 
these  two  ;  this  last  being  the  direction  of  the  magnetic  lines  of  force— 
the  direction  of  the  magnetic  field. 

I  spoke  of  the  magnetic  field  as  temporary,  but  that  is  on  the 
assumption  that  the  charged  body  is  merely  displaced,  moved  from 
one  position  to  another  ;  if  it  is  not  stopped,  but  keeps  on  moving, 
then  the  magnetic  lines  continue  as  long  as  the  motion  lasts.  Its 
strengtli  at  any  point  r,  9y  is — 

ft      ^"    .    /» 
H  =  -,  sm  0. 

If  we  are  asked  whether  such  a  magnetic  field  is  weak  or  not,  I 
have  to  reply  that  that  depends  entirely  on  how  strong  the  charge  is 
and  how  quickly  it  is  moving.  There  is,  in  my  opinion,  no  other  kind 
of  magnetic  field  possible;  and  so  if  ever  we  come  across  a  magnetic 
field  which  we  feel  entitled  to  consider  "strong,"  we  must  conclude 
that  it  is  associated  with  the  motion  of  a  very  considerable  charge  at 
a  velocity  we  may  properly  style  great.  But  certainly  it  is  true  that  for 
any  ordinary  charged  sphere  moving  at  any  ordinary  pace — even 
supposing  that  it  is  a  cannon-ball  shot  from  the  mouth  of  a  gun — the 
concentric  circular  magnetic  field  surrounding  its  trajectory  is  decidedly 
feeble.  Feeble  or  not,  it  is  there,  and  to  its  existence  we  must  trace  all 
the  magnetic  phenomena  of  the  electric  current. 

For  just  as  there  is  no  electrostatic  field  save  that  extending  from 
'  one  charged  body  to  another,  so  there  is  no  electric  current  except  the 
motion  of  such  a  charged  body,  and  no  magnetic  field  except  that 
which  surrounds  the  path  of  this  motion. 

The  locomotion  of  an  electric  charge  is  an  electric  current,  and  the 
magnetic  phenomena  surrounding  that  current  are  believed  to  be  the 
only  magnetic  phenomena  in  existence.  If  any  other  variety  is  possible, 
the  burden  of  proof  rests  on  those  who  make  the  positive  assertion. 

One  more  statement : — 

While  the  charge  is  stationary  everything  is  steady,  and  we  have  an 
electric  field  only. 

While  the  charge  is  moving  at  constant  speed  the  current  is  steady, 
and  we  have  a  steady  magnetic  field  superposed  upon  a  steadily  moving 
electric  field,  and  a  certain  conveyance  of  energy  in  the  direction  of  the 
motion. 

But  what  about  the  intermediate  stages,  the  stages  of  starting  and 
stopping ;  what  is  the  condition  of  things  after  the  charge  has  begun 
to  move  but  before  it  has  attained  a  constant  speed,  and  again  when  the 
brake  is  applied  and  the  speed  is  decreasing,  or  when  the  direction  of 
motion  is  changing?  What  phenomena  are  observable  during  the 
epoch  of  acceleration  or  retardation  of  speed  or  curvative  of  path  ? 
Something  more  than  simple  electrostatics  and  simple  magnetism  is 
then  observed. 

We  get  the  phenomenon  of  induction — the  generation  of  an  induced 
E.M.F.,  of  value  at  any  point  equal  to  the  rate  of  change  of  the  lines  of 
magnetic  force  there.    There  being  no  couAwclox ,  \)cvvs»  ^.VL^F.  will 
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propel  no  currcntj  but  it  will  represeut  an  electric  force  which  was  not 
tiierc  before^  and  in  a  new  directiunj  pcrpendiculur  to  the  directiou  in 
which  the  growing  inagnetic  lines  are  moving^  which  is  outwards  from 
the  charge.  Consequently  the  new  or  induced  K.M,F,  points  iti  the 
rtirection  of  motion,  though  in  the  sense  opposed  to  any  change  hi  it  i 
and  the  efifect  of  its  superposition  upon  the  magnetic  lleld  is  to  cause 
a  certain  siiialt  tiansniission  of  energy  in  a  radial  direction  out  and 
away  from  the  accelerated   charge.      Some  energy  therefore   (lashes 

aw^y  with  the  speed  of  Hght,  though  in  ordinary  cases  an  excucdsngly 

iirnall  amount. 

It  is  from  an  electric  charge  during  its  epochs  of  acceleration  or  ( 

retardation  that  wc  get  the  phenomenon  called  radiation  ■  it  is  this  and, 

this  alone  which  excites  ethereal   waves,  and  gives  us   the   different| 

Varieties  of  light, 

*       2u  if^  ft^ 

The  energ}*  radiated  per  second  is  ^^^  —f 

^■Miiere  v  h  the  ?peed  of  light  and  n  is  the  acceleration  of  the  charge  i\ 
Thus,  or  rather  by  meiins  of  a  very  extensive  development  of  these 
fundamental  idcai^,  are  all  the  phenomena  of   electricity  and  optics 
1  Sstimmai'ised,  and,  so  to  speak,  accounted  for, 


Elkctric  Inertia. 

Whatever  a  charge  niay  be,  and  whatever  the  bychxxlynannc  con- 
stitution of  the  ether,  it  must  be  able  to  maintain  electric  lines  and 
magnetic  line^,  and  to  transmit  energy  wherever  both  sets  of  Ones  cross 
at  right  angles. 

An  accelerated  charge  is  equivalent  to  a  changing  current,  for  ?- 

d  t 

may  be  written   ,  jf'    Whenever  a  current  changes  we  have  an  K,M,F. 

uf  self-induction  set  up  equal  to  L  -jj" 

Considered  from  the  point  of  view  of  a  current  cotistitiited  by  a 
moving  cbargOj  this  corresponds  to  a  rnass  acceleiatioiu 

And  the  electrical  acceleration  is  opposed  by  the  K3LF.,  just  as  the 
acceleration  of  matter  is  opposed  by  its  mechanical  inertia.  The  co- 
efficient of  the  electric  acceleration  represents,  therefore,  an  inertia 
tt^im,  and  is  properly  called  electric  inertia. 

By  Lcn^^'s  law  the  effect  of  induction  is  always  to  oppose  the  ainse 
which  produced  \L  In  the  present  case  the  cause  is  the  acceleration  or 
retardation  of  the  moving  charge^  and  so  in  each  case  this  is  opposed 
by  the  reaction  of  the  magnelic  hnes  generated  by  it. 

Motion  is  opposed  while  it  is  increasing  in  speed,  and  it  is  assisted 
while  it  is  decreasing  in  speed — an  effect  precisely  analogous  to  ordinary 
mechanical  inertia  ;--and  therefore  force  is  necessary,  and  work  must  be 
done,  either  to  start  or  to  stop  the  motion  of  a  charged  body.  An  extra 
forcCj  that  is^  by  reason  of  its  charge.  Whatever  the  inertia  the  body 
may  have,  considered  as  a  piece  of  matter,  it  has  a  trifle  more  by  icasoii 
of  its  being  chaj:^ed. 

Vou  m  4 
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The  vahie  of  this  imitation  or  electrical  inertia  for  the  case  of  a 
charged  sphere  of  radius  a  is 

^  '* '".    (See  Appendix.) 
3     <' 

Since  tlii.s  is  very  important,  I  repeat : — 

Just  as  a  changing  magnetic  field  affects  an  electrostatic  charge, 
that  is  to  say  generates  a  feeble  field  of  electric  force,  into  the  intensity 
of  wliich  tlie  velocity  of  light  enters  squared  in  the  denominator,  so  it 
is  with  a  changing  electric  field,  it  generates  a  magnetic  field  propor- 
tional to  its  velocity  of  cliange ;  and  if  it  is  being  accelerated,  the 
magnetic  field  itself  varies,  and  in  that  case  generates  an  K.M.F.  which 
reacts  upon  the  accelerated  moving  charge,  and  always  in  such  a  way 
as  to  oppose  its  motion — by  wliat  is  called  Lenz's  law,  or  simply  by  thei 
law  of  conservation  of  energy  :  for  if  it  assisted  the  motion,  the  action' 
and  reaction  would  go  on  intensifying  themselves  until  any  amount  of' 
violence  was  reached. 

The  magnetic  lines  generated  by  a  rising  current,  that  is  by  a 
positively  accelerated  charged  body,  react  back  upon  the  motion  which 
produced  them  in  such  a  way  as  to  oppose  it.  To  oppose  it  actually  or 
elastically,  not  passively  or  sluggishly  as  by  friction.  The  reaction 
ceases  the  instant  the  motion  becomes  steady  :  it  is  not  analogous  to 
friction  therefore,  but  to  inertia  ;  it  is  the  coefficient  of  an  acceleration 
term. 

The  magnetic  lines  generated  by  a  falling  current,  that  is  by  a 
negativel}^  accelerated  or  retarded  charged  body,  react  oppositely  and 
tend  to  continue  the  motion  :  thus  here  also  we  have  a  term  corre- 
sponding to  inertia.  And  the  charged  body  may  be  said  to  have 
momentum  by  reason  of  its  charge  while  it  is  moving.  The  value  of 
the  momentum  is  proportional  to  the  velocity,  so  long  as  the  velocity  is 
not  excessively  great,  and  accordingly  the  inertia  term  is  constant,  and 
independent  of  speed,  under  the  same  restriction.  It  may  therefore  be 
considered  to  be  in  existence  even  when  the  charge  is  stationary,  and 
thus  it  simulates  exactly  the  familiar  mechanical  inertia  of  a  lump  of 
ordinary  matter. 

In  an  Appendix  will  be  given  the  simplest  form  of  tlie  quantitative 
relations  here  indicated,  and  the  inertia  due  to  an  electric  charge  will 
be  calculated.  It  is  to  be  understood  that  whatever  inertia  a  material 
sphere  may  possess,  considered  as  matter,  it  will  possess  more  when  it 
is  charged  with  electricity,  and  this  no  matter  whether  the  charge  be 
positive  or  negative.  The  amount  of  extra  or  electrical  inertia  is  pro- 
portional to  the  electrostatic  energy  of  the  charge  :  that  is  to  say,  it  is 
proportional  to  the  charge  and  its  potential  conjointly.  Call  the  charge 
e,  and  the  radius  of  the  sphere  a,  the  potential  will  be  e/xa  and  the 

appropriate  inertia  is  m=  —  e .  eJKa,  where  v  is  the  velocity  of  light. 

Another  way  of  putting  it  is  to  say  that  if  a  mass  of  this  amount 
were  moving  with  the  speed  of  light,  its  kinetic  energy  would  be  half 
as  ^reat  again  as  the  potential  energy  of  the  electric  charge  when 
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s^  -  ^  V^  ^  potential  energy. 


^: 


Now  any  appreciable  quantity  of  matterp  even  a  milligramme, 
moving  with  the  speed  of  light,  hiis  ii  prodigious  am  omit  o(  energy  j 
namely^  for  the  raa^s  of  one  nrilligramme,  fifteen  million  foot-lonis.  Or 
I  as  Sir  William  Crookes  has  t^xpressed  it :  a  gramme,  or  fifteen  grains, 
of  matter,  moving  with  the  speed  of  light,  would  have  eiierg)^  enough 
to  lift  the  British  N^vy  to  the  top  of  Ben  Nevis. 

PConsequentiy  t!ie  inertia  of  any  ordinary  quantity  of  electric  charge 
must  be  exceedingly  minute*     Xol withstanding  this,  it  is  quite  doubtf  ivl 
whether  or  not  there  really  exists  any  other  kind  of  inertia.    The 
I  question  whether  there  does  or  not  is  al  present,  strictly  speaking,  an 
open  one  ;  though  to  my  nnnd  it  is  practiciUly  closed. 
The   ojily  w^ay  of  conferring   upon  a  given   electric   charge  any 
appreciable  ma^s  i^  to  make  its  potential  exceedingly  liigh,  that  is  to 
concentrate  it  on  a  very  small  sphere. 
A  coulomb  at  the  potential  of  a  volt  has  an  ekctrostalk  unerg\'  of 
lialf  a  Joule,  that  is  J  X  lo'  ergs. 
The  mubi^  equivalent  to  this  would  be 
2  lO'  2 

3  a  X  'io*^~  27  ^  ^^"  *''  S"^^""^^*^  —  ^^~*  "iil*Jgi"ainme» 
Raise  the  potential  to  a  million  voItSj  and  the  mass  equivalent  lo 
R  coylomb  at  that  potential  w^ould  he  the  hundredth  part  of  a  mini- 
gramme  :  still  barely  appreciable  therefore. 
The  charge  on  an  atom  as  observed  in  electrolysis  is  kuovvu  to  be 
10  '*  electrostatic  units.  If  thii>  were  distributed  uniformly  on  a  sphere 
the  nominal  siite  of  an  atom,  viz.,  one  io~^  centimetre  in  radius,  its 
potential  ^vould  be  one  hundredth  of  an  electiostalic  unit,  or  about  3 
volts.  The  energy  of  such  a  charge  would  he  jo~^^  erg^  and  the  inertia 
of  a  body  wliich  w*ould  possess  this  energy  if  moving  at  the  speed  of 
liglit  would  be  io~-^^  gramme. 

tBut  this  is  in  com  par  ably  smaller  than  the  mass  of  a  hydrogen  atom, 
which  is  approximately  10"'^  gramme.  Consequently  the  ionic  charge 
distributed  muformiy  over  an  atom  would  add  no  appreciable  fraction 
to  its  apparent  mass. 

If,  liowcver,  the  atomic  charge  were  concentrated  into  a  sphere  of 
dimension  lo"^-^  centimetre^  its  potential  would  be  1000  electrostatic 
units  or  30O1O00  volts,  its  energy  would  be  lo"^^  erg,  and  its  inertia  10  *^* 
gramme,  or  about  T^V^y  of  the  mass  of  a  hydrogen  atom, 

All  this  is  a  preliminary  statement  of  undeniable  fact :  that  is  to  say 
of  fact  winch  follows  from  the  received  and  established  theory  of 
Klectricity,  whether  such  things  as  electrons  had  ever  been  found  to 
mst  or  not. 

All  that  w^e  have  stated  is  true  of  an  ordinary  charge  on  any  ordinary 
jjphere  which  can  be  made  to  move  by  mechanical  force  applied  to  it» 
It  gives  ns  the  phenomena 

of  electrostatics  when  at  rest, 

of  magnetism  when  in  motion^ 

0/  vndiuiion  when  started  and  sloppct\j 
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and  it  incidentally,  by  reason  of  the  known  laws  of  electromagnetic 
induction,  exhibits  a  kind  of  imitation  inertia,  and  in  that  way  simulates 
the  possession  of  the  most  fundamental  property  of  matter. 

I  will  add  a  few  more  closely  connected  assertions.  Apply  a 
sufficiently  violent  K.M.F.  to  a  charged  sphere,  and  the  charge  may 
be  wrenched  off  it. 

Insert  an  obstacle  in  the  path  of  a  violently  moving  charged  sphere 
so  as  to  stop  it  mechanically  with  sufficient  suddenness,  and  again  it  is 
possible  for  the  charge,  or  something  like  it,  to  be  jerked  off  it  and 
passed  on.  But  to  do  this  the  speed  of  the  sphere,  as  well  as  the 
suddenness  of  stoppage,  must  be  excessive.  Usually  the  charge  is 
merely  thrown  into  an  oscillation,  when  the  sphere  is  suddenly 
stopped  ;  and  it  then  emits  a  solitary  wave  or  spherical  shell  of  thickness 
equal  to  the  diameter  of  the  sphere  :  or  greater  than  that  diameter  by 
the  amount  the  sphere  has  moved  during  its  retardation.  When  the 
acceleration  i^  moderate,  however,  the  radiation  is  less  energetic  and  also 
less  intense  :  less  energetic  because  its  power  depends  on  the  square  of 
the  acceleration,  less  intense  because  it  is  spread  over  a  thicker  ethereal 
shell.  Rontgen  rays  are  perceptible  only  when  the  speed  was  great 
and  the  stoppage  so  sudden  that  the  wave  or  pulse  shell  is  strong  and  thin. 

The  doctrine  of  the  behaviour  of  a  charged  sphere  in  motion,  and 
the  calculation  of  the  value  of  the  quasi  inertia  of  an  electric  charge, 
was  begun  by  Professor  J.  J.  Thomson  in  an  epoch-making  paper 
published  in  the  Philosophical  Magazine  for  April,  1881 — one  of  the 
most  remarkable  physical  memoirs  of  our  time. 

The  stimulus  to  this  investigation  was  supplied  by  those  brilliant 
experiments  of  Crookes,  published  in  the  Philosophical  Transactions  for 
1879,  which  were  preceded  by  observations  of  Pluckerand  Hittorf,  and 
followed  by  other  observations  by  Goldstein  and  Puluj  and  others 
in  1880. 

In  1891  Sir  William  Crookes  was  your  President,  and  in  his  in- 
augural address  expounded  further  some  of  these  brilliant  experimental 
investigations,  to  which  Schuster  and  many  others  had  contributed.  It 
is  not  too  much  to  say  that  up  to  the  time  of  Crookes  the  phenomena  of 
the  vacuum  tube  were  shrouded  in  darkness,  notwithstanding  much 
laborious  and  painstaking  work  done  both  in  this  country  and  on  the 
Continent  in  connection  with  them  ;  but  that  since  the  researches  of 
Crookes  in  the  seventies,  the  theoretical  luminosity  of  the  vacuum 
tube  has  steadily  increased,  until  now,  as  Maxwell  predicted,  it  is 
shedding  light  upon  the  whole  domain  of  electrical  science,  and  even 
upon  the  constitution  of  matter  itself. 

APPENDICES  TO   PART   I. 
APPENDIX  A. 

Calculation  ok  the  Ixkrtia  of  an  Electric  Charge. 

Let  a  spherical  conductor  of  radius  a  carrying  a  charge  of  electricity 
c  move  forward  with  moderate  speed  u  \  meaning  by  moderate  speed 
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aaything  distinctly  less  than  the  speed  of  Hglit  ;  it  constitutes  a  current 
element  of  magnitnde  €  tt,  and  its  circuit  is  close rl  by  displacement 
currents  in  the  stirroundin^t*  dielectric  ;  for  its  lines  of  force  ari^e  in  tlic 
medium  in  front  and  .subside  in  the  medium  behind,  :ind  so  a  displace- 
ment of  electricity  takes  place  from  fore  to  aft  to  CLmipensate  the  motion 
forward,  and  ttie  lines  of  displacement  are  identical  with  the  magnetic 
linesi  due  to  a  short  magnet,  A  charge  may  he  said  to  travel  carmn^ 
its  electrostatic  hnes  with  it,  or  it  ma?  be  said  to  be  constantly  generat- 
ing a  radial  electrostatic  lield  in  front  and  destroying  one  be  hi  ml. 
Wlien  an  electric  field  thus  moves  partly  laterally  it  generates  a 
magnetic  iield— in  the  present  insbmce  in  circular  lines  round  the  Hne 
of  motion— for  the  moving  charge  is  an  element  of  a  Unear  current. 

The  generation  of  these  magnetic  Hues  acts  so  as  to  oppose  the 
current  which  produced  themj  but  so  long  as  they  continue  steady  they 
exert  no  effect  on  it.  When  they  subside,  however,  they  tend  to 
prolong  the  current  which  maintained  them,  Con?>equently,  if  the 
moving  charge  {or  current)  tries  to  slop,  its  retardation  meets  with 
obstruction  ;  it  is  constrained  to  persist  by  tlie  subsidence  of  the 
magnetic  field  which  its  motion  excited  and  uiainlaios.  Us  velocity  is 
not  resisted,  there  is  nothing  equivalent  to  friction,  but  its  acceleration 
-h  or  —  is  obstructed,  an  effect  precisely  analogous  to  inertia.  If  it  is 
at  rest  it  will  need  force  to  ^t art  it,  and  if  it  is  in  motion  its  motion  will 
persist. 

The  charge  acts,  therefore,  as  if  it  had  Inertia,  and  we  can  proceed 
to  calculale  its  amount. 

Wliile  movitig  it  is  a  current  and  will  be  surrounded  by  ring^  of 
magnetic  force,  whose  intensity »  at  any  point  with  polar  co-ordi mites 
rd  referred  to  the  line  of  motion  as  axis  and  the  moving  chajgc  as 
origin,  will  be  the  quite  ordinary  expression  {witli  c  it  lor  the  current 
dement  instead  of  C  d  a) — 

u  sin  0 


H=^- 


The  ordhiary  expression  for  the  electrostatic  force  at  tlie  same 
point  is — 


K^ 


kr-' 


and  if  the  motion  is  slow  this  value  will  be  prefer ved,  but  if  it  is  ra|ud 
the  electric  field  gets  weaker  along  the  axis  and  stronger  cquatorially, 
lutving  been  shown  by  Mr,  Heaviside  {Phiiosophinii  Mttgiizifur  April, 
1889)  to  be  given  by  the  following  expression^ 


E  = 


where  v  is  the  velocity  of  light* 

The  strcngUi  of  the  magnetic  field  will  be  similarly  modiJied  in  this 
case  *,  but  the  simplest  mode  of  staling  it  is  to  express  it  in  terms  of  E, 
and  to  say  that  a f ways — 

H=KE  it  siu  B, 
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The  rate  of  transmission  of  energy-  will  be  the  vector  product  of  E 
and  H  ;  and  the  whole  magnetic  energ>',  that  is  the  whole  energ}'  due 
to  the  current,  i.e.,  due  to  the  motion,  will  be  obtained  by  integrating 
the  ordinary  expression  /i  H78  x  all  over  space  outside  the  charged 
sphere,  viz.,  from  «  to  00  all  round.  In  the  general  case  this  expression 
is  a  little  long,  but  in  the  most  important  case,  when  the  speed  of 
motion  ;/  is  decidedly  less  than  the  speed  of  light  f,  it  is  quite  simple, 
and  the  working  may  as  well  be  given  : 


Kinetic)       I,,H  =  ^,(^.^^)^;m-,/^1     I     U^^^ ^1  r  .  rde  .  rsmB.I^ 
ener^^v  J        I    S  tt      ^        ^  8  n-     I     l      I     ;•■»  ^ 


e^iiA     I     Isin'O 


a  00a 

2ir  oc 


a  r .  It  cos  0   =   " 


Comparing  this  with  mechanical  kinetic  energ\' J  ;////",  we  sec  that 
the  charge  on  the  sphere  confers  upon  it  additional  kinetic  energy,  as 
if  its  mass  were  increased  on  account  of  the  charge  by  the  amount— 


3« 


which  mav  also  be  written — 


;//=  ^  7*^  •  ^"^  _  .^.   .  f  .    ^     =     ^-  X  charge  x  potential, 
3  K(i        37'=         Ka        ^v- 


-^  ;;/  r-  =  the  electrostatic  energy  of  the  charge. 
4 

In  other  words,  the  mass  equivalent  to  the  charge  is  such  that  if  it  were 
a  piece  of  matter  with  constant  inertia  travelling  at  the  speed  of 
light,  its  kinetic  energy  would  be  half  as  great  again  as  the  potential 
energy  of  the  electric  charge  when  standing  still. 


APPENDIX   B. 

The  Elfxtric  Field  due  to  a  Moving  Magnet. 

If  a  short  bar  magnet  or  uniformly  magnetised  sphere  (its  moment  M 
being  the  intensity'  of  magnetisation  x  the  volume  of  the  sphere)  moves 
along  axially,  that  is  in  the  direction  of  its  magnetisation,  with  velocity 
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«j  \l  generates  circular  lines  of  electric  force  all  centicd  upon  its  axisj  'e 
much  as  a  moving  charge  generates  circwlar  lines  of  magnetic  force. 
If  there  is  a  conducting  palh  around  any  such  circle,  then  I  he  motion 
of  a  magnet  along  its  asis  will  generate  a  current  in  it,  but  if  there 
be  no  conductor  the  motion  will  only  result  in  an  electric  disptacemcnt 
uliich  subsides  when  the  magnet  stops. 

The  inteniiity  of  the  magnetic;  Held  at  any  point  along  the  axis  is 
wdl  known  to  he  2  M/r^  ;  at  any  point  on  its  equatorial  plane  it  m 
^lljr^:  and  in  any  intermediate  direction  it  i?^,  as  regard'^  magnitude 
alone— 


li=^,^{i+3^os's). 


All  this  holds  for  the  moving  as  for  the  stationary  maguett  provided  its 
speed  does  not  approach  that  of  li|^ht, 
Thf  eJecttic  force  at  the  same  point  is — 


E 


_  3  M  u 


ri 


sin  2  0 


^3Hu 


sin  9 


V(4  +  tan  =  e) 


T^ie  electrostatic  energy  resulting  will  he  the  integral  of  K¥J  JHtt  every- 
where outside  the  moving  magnetised  sphere  of  radius  a^  viz. — 


Energy  = 


rr 


{^/Y  sin'i^  cos^  ^  d  r  .  niO  ,  r  sin  iid*^ 


The  displacement  acts  like  an  elastic  strain  set  up  in  the  dielectric, 

storing  the  at>ove  energy  s tat le ally  ;  and  so  long  as  the  magnet  continues 

Moving  steadily  the  f  Icctric  displacement  exerts  no  force  upon  it ;  btit 

I  Acceleration  will  be  resisted.  If  the  magnet  begins  to  go  faster  it  sets 
Pp  more  displaeementj  and  the  act  of  setting  this  up  constitutes  a 
f ^ansieut  current,  which  opposes  the  motion  as  long  as  the  aeceleration 
FOntinutiSj  but  dies  out  the  instant  the  motion  becomes  steady  again. 
I  Conversely  if  the  motion  of  the  magnet  began  to  stacken,  the  electric 
Pti*ain  would  begin  to  subside,  and  its  subsidence  would  constitute  an 
Inverse  transient  current  which  w^ould  assist  the  motion  /.(■.,  oppose  the 
^'Hckening.  In  other  words,  the  variations  of  the  circular  electric  strain 
''*  the  sun-Qunding  medium  confer  upon  a  moving  magnet  a  spurious  or 
apparent  momentum,  in  addition  to  its  real  mechanical  monientum  i 
^nd  thus  the  elastic  strain  itseJf  may  be  said  to  represe^il  a  ?.pv\v\^>2ft  ot 
^ppstrcfit  incrtm  due  to  mnguctisation^  in  addition  to  imy  tc;v\  m<i^\\w\c<:^ 
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inertia  which  the  lK>dy  holding  the  magnetism  may  itself  possess.  And 
the  amount  of  this  extra  inertia  is — 

5^^    ~"  5  fiii-^V       15  *    /I?'-* 

_  2      Ho  M  ^ 

5        f'' 

where  I  is  the  intensity  of  magnetisation,  and  Ho  the  intensity  of  the 
field,  inside  the  substance  of  a  uniformly  magnetised  sphere  of  radius  a 
and  magnetic  moment  M. 

Tile  equivalent  mass  moving  with  tlie  velocity  of  light  would  therefore 
have  an  energy  equal  to  one-fifth  of  the  potential  energy  of  the 
magnetised  sphere  if  it  were  held  at  right  angles  to  a  field  of  its  own 
internal  intensity. 

This  result  may  be  applied,  mutatis  mutandis^  to  a  moving  molecule 
consisting  of  a  pair  of  equal  opposite  electrons  not  in  absolute 
coincidence. 


PART  II. 

DiSCOVRRY   OF  THK   ATOM   OF   KlECTRICITY. 

Quoting  again  from  the  great  Treatise  of  Clerk  Maxwell,  ist  Edition, 
we  find  on  page  312,  in  the  chapter  on  electrolysis,  the  following 
sentence  : — 

"  Suppose,  however,  that  we  leap  over  this  difficulty  by  simply 
asserting  the  fact  of  the  constant  value  of  the  molecular  charge, 
and  that  we  call  this  constant  molecular  charge,  for  convenience 
in  description,  one  molecule  of  electricity." 

Thus  some  idea  of  the  conception  of  the  atomic  nature  of  electricit}- 
was  forced  upon  men  of  genius  by  the  facts  of  electrolysis  and  a 
knowledge  of  Faraday's  laws.  But  Maxwell  went  on,  after  a  few 
more  paragraphs  : — 

*'  It  is  extremely  improbable  that  when  we  come  to  understand 
the  true  nature  of  electrolysis  we  shall  retain  in  any  form  the 
theory  of  molecular  charges,  for  then  we  shall  have  obtained  a 
secure  basis  on  which  to  form  a  true  theory  of  electric  currents, 
and  so  become  independent  of  these  provisional  theories.*' 

It  is  rash  to  predict  what  may  ultimately  happen,  but  the  present 
state  of  electrical  science  seems  hostile  to  this  latter  prediction  of 
Maxwell.  The  theory  of  molecular  charges  looms  bigger  to-day,  and 
has  taken  on  a  definiteness  that  would  have  surprised  him. 

The  unit  electric  charge,  the  charge  of  a  monad  atom  in  electrolysis, 
whatever  else  it  is,  is  a  natural  unit  of  clecttVcvt-y,  oi  >«VvvcVv  we  can 
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have   intdtiplcs,  but  of  which  ^  so  far   as  we  ktiow  at  pr  esse  lit,  it    is 
impossible  to  have  fractions. 

I  will    extract  the  following  sentence  from  Section  32  of  Motkrn 
Vi^s  of  EkctricHy  : — 

^^This  quantity^  llic  chnrge  of  one  monad  atom,  constitutes  the 
smallest  known  portion  of  electricity,  and  is  a  real  natural  nnil. 
Obviously  this  is  a  most  vital  fact*  This  nnit,  lielow  which 
nothing  i^  known,  has  even  been  styled  au  '  atom  of  electricity/ 
and  perhaps  the  phrase  may  have  some  meaning,  .  ,  ,  This 
natural  nnit  of  electricity  is  exceedingly  small,  being  about  the 
hundred'thonsand-niillionth  part  of  the  ordinary  electrostatic 
unit,  or  les?5  than  the  hnndrcd-trillionth  of  a  coulomb," 

The  atom  with  its  charge  is  called  an  ion.  The  charge  considered 
alone,  without  its  atom,  was  called  by  Dr*  Johnstone  Stoney  an  electron 
nr  natural  electrical  unit. 

What  we  learn  with  great  accuracy  from  electrolysis  is  the  ratio  of  \  t 
the  charge  to  the  mass  of  substance  with  which  it  is  associated.  It 
matters  nothing  how  much  substance  is  chosen,  whether  100  atoms  or  I 
one,  whether  an  atom  or  a  gramme  or  a  ton,  the  amount  of  electricity 
associated  wnth  it  in  electrolysis  and  liberated  when  the  substance  is 
decomposed,  increases  in  the  same  proportion  ;  the  ratio  is  constant,  and 
if  determined  for  one  substance  is  known  for  alh 

I  This  is  the  ratio  wliich  is  technically  known  as  the  **  electrochemical 
equivalent "  of  the  substance.  In  the  light  of  Faraday's  law^s,  if  this 
quantity*  is  measured  for  one  substance  it  is  know^n  for  all,  becanse  the 
charge  is  the  same  for  every  kind  of  atom  up  to  a  simple  multiple  :  and 
hence  in  specifying  electrochemical  equivalents  there  is  nothing  to  con- 
sider but  llie  atomic  weight  or  combining  proportion  of  the  substance. 
Thus  the  electrochemical  equivalent  of  oxygen  is  H  times  that  of 
hydrogen,  that  of  dnc  is  3^^  times,  and  that  of  silver  loH  times  that  of 
hydrogen.  The  substance  chosen  for  n  determination  of  the  electro- 
chemical  equivalent  may  be  the  one  which  can  be  most  accurately 
c*Kperimentcd  ou^  and  Lord  Rayleigh  has  i^hown  that  such  a  substance 
is  nitrate  of  silver,  and  has  ascertained  that  if  a  current  of  one  ampere 
is  passed  from  a  stiver  anode  to  a  (ilatinum  cathode  through  a  nitrate 
of  silver  solution,  the  cathode  gains  in  weight  by  4^025  grammes  every 
hour.     Hence  the  electrochemical  equivalent  of  silver  is 


4'025  grammes  ^ 
I  ampere-hour ' 


Ihe 


electrochemical  equivalent  of  hydrogen,  being  -^  of  this  quantilVj 


I        gramiiicsi 


4"02^  m*ammes  a'oz^ 

108  ampere-hours      108  x  360  jj    & 

Hence  the  ratio  of  an  atom  of  electricity  to  an  atom  of  hydrogen  is 

f^66o;i-ic-g,s.  unils,  ora/iprox'imateiy  10'     /   (<^^^^A!!^5^\  .^  ^Vl^^  ^vv 
L  V     \  (i  grammes ) 
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known  constant  /i  necessarily  making  its  appearance  because  we  are 
comparing  quantities  measured  in  different  ways,  viz.,  Electricity  and 
Matter  (see  Appendix  D). 

The  numerical  part  of  tliis  quantity  is  known  with  comparative 
exactitude,'  that  is  to  say  up  to  the  limits  of  error  of  experiment.  To 
proceed  further,  we  must  make  an  estimate  of  the  mass  of  an  atom ; 
that  can  he  done,  and  has  lx»en  done,  in  many  ways,  and  we  have  been 
taught  both  by  Dr.  Johnstone  Stoney  and  by  Loschmidt,  and  notably 
by  Lord  Kelvin,  that  the  mass  of  an  atom  of  water  is  approximately 
lo  '*  of  a  gramme,  wherefore  an  atom  of  hydrogen  will  be  approxi- 
mately lo  -^  gramme ;  whence  the  unit  of  electric  charge  is  io~"  c.g.s. 
magnetic  unit,  or  io~''  of  an  electrostatic  unit  or  lo  *"  of  a  coulomb. 

I  liave  emphasised  this  matter  of  the  ratio  tti  to  c  or  do  m  because 
it  plays  a  considerable  part  in  what  follows.  The  absolute  values  are 
of  less  consequence  to  us  than  tlie  ratio,  and  are  only  known  approxi- 
mately, but  the  ratio  is  known  with  fair  accuracy,  and  the  ratio  for 
liydrogen  is  very  nearly  lO-*  magnetic  units,  or  more  exactly  9,660. 

Thus  what  we  le;u*n  from  electrolytic  conduction  briefly  summarised  ^ 
is  that  every  atom  carries  a  certain  deiinitc  charge  or  electric  unit, 
monads  carrying  one,  diads  two,  triads  three,  but  never  a  fraction ; 
that  in  liquids  these  cliarges  are  definitely  associated  with  the  atoms, 
and  can  only  be  torn  away  from  them  at  the  electrodes ;  that  the 
current  consists  of  a  procession  of  such  charges  travelling  with  the 
atoms ;  the  atoms  carr^-ing  the  cliarges,  or  the  charges  dragging  the 
atoms,  according  to  from  which  point  of  view  we  please  to  regard 
the  process. 

CONDUCTION'   IN   GasES. 

We  will  now  leave  liquids  and  proceed  to  conduction  by  rarified 
gases,  that  is  to  say  to  the  phenomena  seen  in  vacuum  tubes.  If  a  long 
glass  tube,  say  a  yard  long  and  two  inches  wide,  with  an  electrode  at 
each  end,  and  full  of  common  air,  is  connected  to  an  induction  coil  and 
attached  to  an  air-pump,  the  ordinary  spark-gap  of  the  coil  being,  say, 
two  or  tliree  inches  wide,  we  find  that  for  some  time  after  working  the 
pump  the  electric  discharge  prefers  the  incli  or  two  of  ordinary  air  to  a 
long  journey  through  the  partially  rarified  air  in  the  tube,  but  that  at 
a  certain  stage  of  exhaustion,  one  which  any  rough  air-pump  ought  to 
reach,  this  preference  ceases.  A  flickering  light  appears  in  the  tube 
readily  visible  in  the  dark,  which  very  soon  takes  on  the  appearance  of 
red  streamers  like  the  Aurora  Horealis,  and  then  the  sparks  outside  in 
the  common  air  cease,  showing  that  the  rarified  air  is  now  the  better 
conductor  and  the  preferable  alternative  path.  Let  the  exhaustion 
proceed  further,  and  the  axis  of  the  tube  becomes  illumined  with 
the  glow,  which  is  now  much  brighter,  showing  a  band  or  thread  of 
current,  while  the  original  spark-gap  may  be  shortened  down  gradually 
to  one-eighth  of  an  inch,  or  even  less,  without  any  spark  taking  place 

^  The  decimal  places  are  correctly  printed  above  ;  though  the  fact  that 
I  coulomb  or  i  ampere-second  is  one-tenth  of  a  c.g.s.  unit,  owing  to  the  volt 
having  been  stupidly  defined  as  10^  instead  of  lo^,  always  stands  ready  to 
introduce  confusion  and  error. 
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across  it,  showing  that  the  rarified  air  is  now  a  very  good  conductor 
When  the  best  condncthxg  stage  is  reached  the  tube  is  filled  with  a 
glow,  caSled  the  positive  column  :  and  both  ends  of  the  lube  arc  apt 
to  ]ook  alike.     If  wc  exhaust  stiU  further— and  to  exhau.st  even  as  far 
as  this  s^rmie thing  better  than  an  ordinary  air-pump  is  necessary,  an 
oil  or  mercury  pump  l>eing  the  most  suitable— the  column  of  light 
is  seen  to  fill  the  whole  tul>e,  to  gradually  lose  its  bright  red  or  crimson 
tint,  and  to  break  up  into  a  iiuml>er  of  VQry  narrow  discs  like  pennies 
seen   edgcw^avs.    At  the  same  time  the  spark-gap  must  be  widened 
to  iiome thing  more  like  a  quarter  or  half  an  inch  to  prevent  the  dis- 
charge from  taking  that  path,  and  a  dark  space  near  the  catlnxle  now 
begins  to  be  visible,  ttie  cathode  itselt  being  covered  all  over  with  a 
glow%  while  the  anode  is  usually  only  illuminated  at  a  point  or  two. 
The  strix  into  which  the  posit i\*e  column  has  been  broken  up  thicken 
and  separate  as  exhaustion  proceeds.     The  dark  space  near  the  cathode 
also  enlarges^  driving  as  it  were  the  positive  column  before  it  into  the 
aaode,  and  lookiiig  as  if  it  would  presently  fill  the  tube  ;  but  before  it 
can  do  this  it  is  noticed  that  the  glow  on  the  cathode  itself  is  coining 
off  as  a  kind  of  shell,  leaving  another  dark  space ^  a  narrower  and  much 
darker  space,  inside  it.     The  first  dark  space  has  been  called  Faraday *s 
dark  space ;  the  second  is  generally  known  bj^  the  name  of  Crookes' 
This  second  dark  space  now  increases  in  thickness,  pushing  the  glow 
before  st  as  the  vacuum  gets  better  and  better  ;  but  the  terminals  of  the 
s^park-gap  must  now  be  pulled  still  further  apart,  else  the  discharge 
wUl  prefer  to  take  a  reasonably  long  path  through  the  air.     F)xhau sting 
further  still,  the  glow  all  disappears  and  the  second  dark  space  fills  the 
whole  of  the  tube  ;  and  now*  is  noticed  a  new^  phenomenon,  the  sides 
of  the  glass  have  begun  to  glow  w4th  a  phosphorescent   light,  the 
colaur  of  the  light  depending  on  the  kind  of  glass  used,  but  generally 
i»  practice  with  a  greenish  light ;   a  result  evidently  of  being  the 
Ixjuiidary  of  the  dark  space*     If  exhaustion  proceeds  further^  the  re- 
sistance of  the  tube  becomes  very  high,  and  the  spark  may  prefer  to 
biirst  through  an  equal  and  ultimately  even  a  greater  length  of  ordinary 
^r.   This  is  the  condition  of  the  tube  so  much  investigated  by  Crookes, 
hy  Lenard  and   Rontgen^  and  by  many  other  observers*     It   is  the 
phenomena  occurring  in  this  dark  space  vvliicli  have  proved  of  the 
'Jitksl  iutense  interest* 


Cathode  Ravs, 

So  far  we  have  supposed  that  the  c^ithode  is  a  brass  knob  or 
other  convenient  terminal  introduced  into  the  tube;  but  if  wc  now 
proceed  to  use  other  shapes,  as  Crookes  did,  using  a  flat  disc  or  a  curved 
saucer-shaped  piece  of  mctalj  and  if  we  then  introdttce  into  the  dark 
^pace  various  substancesj  wc  shall  find  that  the  dark  space  is  full  of 
properties  which  are  most  elearlv  expressed  bv  saving  that  it  is  a  region 
of  cathode  rays — that  is  to  savj  of  lav^  or  something  as  it  were  shot  oflf 
fjoin  the  cathode.  There  is  evidently  something  being  thus  shot  off, 
whicli,  how^evcr,  is  invisible  until  it  strikes  anobstaclcj  something  which 
seems  to  lly  in  straight  lines  and  to  produce  a  perceptible  effect  only 
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when  it  is  stopped.  Such  a  something  might  be  a  bullet  from  a  gun, 
which  is  quite  invisible  when  looked  at  sideways,  but  may  produce  a 
flash  of  flame  when  it  strikes  a  target,  or  may  do  other  damage.  So  it  is 
with  tliese  cathode  rays  :  the  region  of  their  flight  is  the  dark  space  ; 
the  boundaries  of  that  space  where  the  projectiles  strike  are  illuminated. 
A  substance  with  phosphorescent  power,  such  as  many  minerals,  or 
even  glass,  pliosphoresces  brightly,  and  the  path  of  the  rays  can  be 
traced  by  smearing  a  sheet  of  mica  with  some  phosphorescent  powder 
and  placing  it  edgeways  along  their  path.  In  this  way  it  can  be  shown 
that  tliey  travel  definitely  in  straight  lines,  not  colliding  against  each 
other,  but  each  shot  as  it  were  like  bullets  from  an  immense  number  of 
parallel  guns.  Where  they  strike  the  sides  of  the  glass  they  make  it 
phosphoresce  ;  where  they  strike  residual  air  in  the  tube,  as  they  do  if 
the  exhaustion  is  not  high  enough,  they  make  it  phosphoresce  also,  and 
give,  in  fact,  the  ordinary  glow  surrounding  the  dark  space. 

These  rays  possess  a  considerable  amount  of  energy,  as  can  be 
shown  by  concentrating  them  by  means  of  a  curved  saucer-shaped 
cathode  and  bringing  them,  as  it  were,  to  a  focus.  A  piece  of  platinum 
put  at  that  focus  will  (if  the  exhaustion  is  not  too  high)  show  evident 
signs  of  being  red-hot — that  is  to  say,  will  emit  light.  If  the  exhaustion 
is  higher  less  heat  is  produced,  though  a  phosphorescent  light  is 
emitted  from  suitable  substances  like  alumina  and  most  earths ;  but  if  the 
exhaustion  is  pressed  further  still  the  bombarded  target  emits  no  visible 
light  but  that  higher  kind  of  radiation  known  as  Rontgen  or  X-rays. 
It  may  be  doubted,  however,  whether  the  target  itself  emits  these 
rays,  whether  its  function  is  not  rather  to  stop  the  projectiles  as 
suddenly  as  possible  by  the  massiveness  of  its  atoms.  Thus  the  best 
target  would  be  a  substance  with  the  heaviest  atoms.  The  X-rays  are 
probably  emitted  by  the  suddenly  stopped  projectiles  in  a  manner 
which  has  been  investigated  both  by  Sir  G.  Stokes  and  Professor  J.  J. 
Thomson,  and  whicli  is  intelligible  to  anyone  who  has  studied  the  pro- 
perties of  moving  electric  charges  moving  at  the  speed  of  light :  a 
matter  on  which  Mr.  Heaviside  has  written  with  extreme  clearness  in 
his  volume  called  Ehrtroma^inctic  Theory. 

Cathode  rays  have  a  remarkable  penetrating  power ;  for  Hertz 
found  that  a  thin  metal  diaphragm,  especially  if  it  were  of  aluminium, 
was  powerless  to  stop  their  passage  completely ;  as  could  be  demon- 
strated by  the  phosphorescence  and  other  effects  appearing  in  the 
further  half  of  the  tube  beyond  the  diaphragm. 

The  position  of  the  anode  in  such  experiments  is  of  small  conse- 
quence. There  must  be  one  somewhere,  and  the  easiest  plan  is  to 
make  it  a  cylinder  through  which  the  cathode  ray  bombardment  goes. 
The  bombarding  particles  fly  in  straight  lines  and  decline  to  turn  a 
corner,  taking  no  apparent  notice  of  the  position  of  the  anode,  and 
exhausting  themselves  by  bombarding  the  side  of  the  glass  opposed  to 
them  if  the  tube  is  bent  into  a  V  shape,  for  instance. 

Lenard  extended  Hertz's  discovery  in  a  remarkable  way  by  skilfully 

constructing  a  tube  with   its  outer  wall  of  very  thin  aluminium,  so 

arranged  as  to  be  able  to  stand  the  atmospheric  pressure  outside.     He 

t/wn  directed  the  cathode  ray  bomb3.rdrci^w\.  otv  V^  VoS^  ^^HvtvAow  ox 
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uluminium  film,  and  sliowcd  that  the  rays  can  penetrate  it  and  actually 
come  oytsitle  into  the  ordinary  atmospliere,  wljere  they  are  called 
I^enard  rays,  in  honour  of  this  indefatigable  investigator,  a  friend  and 
disciple  of  Hcrt?.. 

These  Lenard  rays  make  the  air  phosphoresce  and  produce  the 
other  effects  which  cathode  rays  can  produce,  but  they  are  stopped 
witliiii  a  moderate  range  b_v  the  immense  obstruction  they  meet  witli 
from  a  substance  of  the  density  of  o^dinar^'  air.  Substances  seem  to 
stop  them  simply  in  proportion  to  the  quantity  of  matter  which  they 
encounter,  without  regard  to  its  nature.  A  thick  layer  of  air  would  be 
iibout  as  opiiqiie  as  a  layer  of  water  ^ij  as  thick  ;  and  even  if  the  body 
put  in  their  way  is  a  solid,  provided  it  is  thin  enough  and  not  too 
massive/ it  will  be  penetrated  by  the  rays;  and  phosphorescent  cft'ectsi 
Will  be  produced  on  the  other  side  of  it^  The  rays  can  also  aft'ect 
photographic  plates,  and  indeed  do  nearly  ali  the  things,  thougli  on  a 
suudler  scale  and  with  much  less  penetrating  power,  that  the  later 
discovered  Rontgcn  rays  can  do* 

The  Lcnai'd  rays  are  clearly  cathode  rays  emerged  from  the  tube, 
and  it  w^as  the  custom,  at  the  date  of  their  discovery ^  to  thiiik  of  them 
us  flying  charged  particles  of  matter  :  though  the  extraordinary  distance 
Ihey  could  travel  through  conmion  air,  a  distance  comparable  lo  an 
inch,  was  a  manifest  difficulty  to  sucli  a  hypothesis,  seeing  that  things 
(lis  big  as  atoms  of  matter  cannot  travel  so  much  as  txfW  of  ^^w  inch  in 
brdinary  air  without  many  collisions. 

Lenard  accordingly  adhered  to  the  view^  that  they  were  not  material 
but  ethereal ;  and  although  in  the  sense  be  probably  intended  this  is  not 
a  leDable  view,  for   ihey  are  not  ethereal  waves  -or  anything  of  the 

t  nature  of  radiation^  vet,  as  w^c  shall  sec,  neither  are  they  ordinary 
iuatcrial  particles,  any  more  than  the  cathode  rays  are.  But  that  is  just 
what  we  are  now  considering,  and  w^e  will  return  to  them  as  observed 
by  Crookes  in  iHji}. 


KATURtii  OF  Ttiii  Cathode  Rays, 
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We  haVe  seen  tliat  the  impact  of  the  catliode  rayS|  speaking  in 
l-uit^uage  appropriate  to  the  assumption  that  they  are  charged  particleSi 
^vill  result  partly  in  heat,  or  vibmtion  of  the  impacted  particles  ;  partly 
iii  light  or  phosphorescence,  due  to  the  quiver  of  elechicaUy  cliarged 
lUums^  iir  rather  the  electrical  charges  on  atoms,  as  in  the  ordijiary 
pjDcuss  of  radiation  ;  and  pailly  in  X-rays  :  all  of  \vhicl\  effects  are 
itiadily  seen  iit  different  stages  of  vaciiuni  in  a  Crookes'  tube.  The 
iiimci\tttm  of  I  he  Hying  particles  shot  off  from  the  cathode  can  also  be 
cxliibitcd  by  putting  into  their  path  some  form  of  vane  or  little  windmilli 
^'hich  wH  then  be  driven  meehanieally,  as  the  vanes  of  a  radiometer 
arc  driven  by  the  recoil  of  tlie  molecules  of  the  residual  air  from  the 
vvnrmcr  surface,  a  stress  being  thus  set  up  between  the  vanes  and  their  ' 
gbss  enclosure.  In  the  electric  vacuum  tube  experiment  the  stress 
seems  to  be  between  the  cathode  or  gun  and  the  vanes  or  target,  and 
tk  propeUing  force  would  appear  to  be  the  force  of  electrical  repulsions 
I  he  particles  travelling  down  the  grade  of  potential  just  as  they  ti  avel 
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in  ordiiiiiry  electrolysis ;  but  where^is  in  ordinary  electrolysis  they  meet 
wtlii  constant  encounters  and  tlierefore  progress  very  slowly*  in  th;; 
high  vacuuni  they  can  fly  for  several  inches  in  a  free  path  without 
encountering  anylhin|T^  and  therefore  without  causing  any  disturbance, 
giving  rise  to  no  appearance  but  tJiat  of  tlie  dark  space.  Phenomenii 
occur  only  where  they  strike. 

This  was  the  view  taken  by  the  whole  world  of  the  nature  of  cathode 
mys  after  Crookes'  demonstration  i  it  was  supposed  that  they  were 
flying  atoms,  and  tliat  tliey  were  flying  with  ordinary  molecular  spet'd, 
but  with  a  long  free  path— much  longer  tlian  would  have  been  expected 
from  ordinary  gaseous  theory.  The  extraordinary  length  of  free  path 
was  somewhat  difficult  to  reconcile  with  the  doctrine  that  they  were 
flying  atoms  obedient  to  the  ordinary  laws  of  gases ;  except  tiiat,  beiii^ 
subject  to  electrical  propulsion  all  in  the  same  direction,  their  course 
was  more  regular,  and  their  encounters  therefore  fewer,  than  if  Lbey 
had  been  moving  at  random.  This  same  feature  of  regularity  it  is  that 
confers  momentum  upon  them  ;  I  heir  motion  does  not  constitute  heat, 
and  is  not  to  be  considered  as  temperature  ;  they  arc  moving  hke  a 
wind,  rather  than  with  the  irregular  unorganised  motion  appropriate^ 
aud  solely  appropriate,  to  the  terms  '*  heat "  and  "  temperature/'  and  to 
the  ordinary  kinetic  theory  of  gases.  Crookes  indeed  hazarded  tliu 
snrniise,  by  one  of  those  flashes  of  intuition  which  are  somctimus; 
vouchsafed  to  a  discoverer  but  are  often  jeered  at  by  orthodox  science 
at  the  time*  that  he  had  obtained  matter  in  *'  a  fourth  state/'  and  also 
that  he  had  got  in  his  tube  something  equivalent  to  what  was  cootem- 
phded  in  the  '•  corpuscular  "  theory  of  light.  There  is  soraethinj^  to  be 
said  for  even  this  last  mode  of  statemeuti  w*hen  the  particles  are  moving 
quickly  enough ;  but  how  true  the  Hrst  was — that  the  matter  in  the  dark 
space  was  in  a  fourth  state,  neither  solid  nor  liquid  nor  gaseous^how 
true  that  was  we  shall  presently  see, 

Meanwhile  let  us  summarise  the  evidence  for  the  view  that  the 
cathode  rays  are  at  any  rate  charged  particles  of  some  knid  in  extremely 
rapid  motion*  That  they  are  in  motion  must  be  granted  from  the  facts 
of  their  bombardment—driving  mills^  heating  platinum,  and  the  like  ; 
and  in  order  to  show  that  they  are  charged,  the  most  direct  plan  is  to 
catch  them  in  a  hollow  vessel  connected  with  aji  electroscope,  as  Perrin 
did ;  but  another  plan  is  to  show  that  they  have  Uie  properties  of  an 
electric  current.  If  they  are  charged  while  in  motion  they  constitute  a 
current  on  Maxwell's  theory,  and  therefore  should  be  able  either  to 
deflect  a  magnet  or  to  be  deflected  by  it ;  and  here  comes  one  of  the 
most  simple  and  impoitant  experiments  in  physics  at  the  present  time. 
A  dettnite  form  of  old  experiments  by  Goldstein  and  many  other  vacuum 
tube  observers  was  arranged  by  Crookes  in  1879,  when  he  made  the 
track  of  the  rays  visibly  luminous  by  passing  a  selection  of  them 
through  a  slit  and  letting  them  graiic  along  the  surface  of  a  iiim  of 
mica  covered  with  phosphorescent  jxtwder,  and  when  he  then  brought 
near  them  a  common  horseshoe  magnet*  When  this  is  done  the 
track  of  the  rays  is  at  once  seen  to  be  curved  ;  show^ing  that  it 
is  not  a  beam  of  light  we  are  looking  at,  but  a  torrent  of  charged  1 
p;u*ticles  behaving  tike  an  electric  current  aud  deflected  by  a  magnet* 
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is  really  the  very  same  pheaomfnon  as  can  be  observed  with  difli- 

cuUy  when  a  current  flows  through  iiietals»  which  was  discovered  by 
E,  H*  Hall,  und  kuown  its  the  HalJ  effect. 

The  fact   that  the    particles    are  thrown  off   tlie   cathode,  l>eing 
evidently  vigorously  repelled  by  it,  is  sufficient  to  suggest  that  they 
must  be  negatively  charged ;   the   direction  of  the  curv^aturu  aiused 
by  a  magnetic  tie  id  enables  us  to  verify  at  once  that  the  flying  particles 
are  negatively  charged,  and  no  comparable  rash  of  positive  p;irticies 
in  the  opposite  du"ection  or  in  any  direction  has  been  observed*     In 
that  respect  evidently  the  magnetic  cur\^attire  of  cathode  rays  in  gases 
differs  from  the  magnetic  curvature  of  a  current  in  metals,  viz.,  thatj^, 
whereas  in  metals  it  is  sometimes  the   negative  and  sometimes  thop 
positive  current  which  is  acted  upon^  according  to  tlie  nature  of  the 
metal,  and  is  always  small,  in  gases  it  is  the  negative  aionc  that  appeai^W 
to  be  acted  upon  and  the  action  is  always  large.     It  seems,  therefore* 
that  for  some   reason   or  other  the   negatively  charged  bodies  in  a 
vacuum  ttibe  are  much  more  mobile  than  the  positive,  and  that  the 
mobility  of  the  negatively  charged  bodies  is  extreme.     One  striking 
method    by  which    their    mobility   was    displayed    consisted   in   the 
observation  by  Professor  Schuster   that  all   parts  of  gas  in  a  closed 
vessel  became  conducting  when  an  electric  discharge  had  taken  place 
in  one  corner  of  it,  so  that  even  though  the  vessel  consisted  of  different 
conipartments,  one  comp+irtment  was  made  feebly  conducting  by  a 
discharge  in  the  other,  provided  that  the  two  had  nny  kind  of  gaseous 
cotmnunication,   a  fact   which   looked  as  it   some   extremely   mobile 
particles,  probably  the  negatively  charged  particles  of  cathode  rays,f^ 
could  wander  atrout  to  a  considerable  distance  in  a  very  short  timci 
iuid  tiike  their  share  in  the  conveyance  of  an  electric  current*     The 
o>nductivity  of  gases  appeared  to  be,  indeed^  entirely  due  to  these  loose. 
or  dissociated  or  detached  charged  particles,  and  where  they  w^ere 
'  absent  the  gas  did  not  conduct  at  all ;  it  could  be  broken  down,  being 
a  weak  dielectric,  by  a  sufficiently  strong  force,  but  it  would  not  leak  ; 
^'hereas,  when  these  loose  charged   particles   were   about,  it    leaked 
readily,  becoming  to  all  intents  and  purposes  an  electrolyte  amenable 
to  the  feeblest  electric  infiuencc.    And  the  act  of  breaking  down  the 
*^ir  hy  an  electric  discharge  was  foutKl  to  render  the  surroundhig  air 
for  a  time  thus  electrolytic.     Its  electrolytic  quality,  however^  did  not  ^ 
bat  long.     The  mobility  of  the  particles  which  enabled  them  to  travel 
to  a  considerable  distance  also  enabled  them  to  get  rid  of  themselves  I 
^y  clinging  to  the  sides  of  the  vessel,  or  perhaps  by  re-uniting  to  some 
opposite  but  comparatively  immobile  positive  charges,  wliich  after  some 
time  in  their   rapid    journeys   they   must    casually  encounter.      Mr. 
Towiisend,'  howevei^  found  that  the  conducting  power  lasted  unex- 
pectedly long  if   no  dust  was  present  ;    the  dust   particles  evidently 
acting  as  intermedial  receivers  and  storers  of  charge,  promoting  inter^ 
cbaogesj   which  otherwise   might  be   delayed   from  accidental   non- 
collision.    And  the  time  that  thus  elapsed  before  the  whole  of  the 

*  Mr  Town se lid  of  Trinity  College,  Dublin,  then  Working  in  the  Cavendish 
I-«iboratorv,  Cambridge,  now  Waynilete  Pt'ofeasor  of  Phvsics  in  the  University 
^l  Oxford.' 
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cotiductivity  disappearcci  from  dust-free  air  suggested  lliat  the  Tiioving 
particles   must   be  very  small,  so  that  collisions  were  comparativelj^H 
infrequent,  ^| 

^  The  mobility  or  diffusiveness  of  a  gas  depends  on  its  mean  frtu 
,  path,  and  that  depends  on  its  atomic  size  ;  the  smaller  it  is,  the  mort] 
I  readily  am  it  escape  collision.  Hence  it  is  the  collisions  are  so  rare 
'  in  astronomy  :  the  bodies  arc  small  compared  with  the  spaces  between 
them.  The  behaviour  of  charged  particles  seemed  to  mdicate  that  they 
must  in  sonic  cases  be  something  smaller  than  atoms.  It  seemed 
hardly  likely  that  material  atoms  could  behave  in  the  way  they  did. 
so  it  was  recollected  that  it  liad  occurred  to  some  philosophers,  amoiig 
Ihem  Dr.  Johnstone  Stoney,  that  electric  charges  really  existed  on  an 
atom  in  coocentrated  form^  acting  as  satellites  to  it ;  so  on  that  view 
it  was  juht  possible  that  these  flying  particles  might  be  not  charged 
atoms  at  all,  but  charges  without  the  atoms,  the  concentrated  chargts 
detached,  knocked  off  as  it  were  in  the  violence  uf  the  discharge  and 
afterwards  going  about  free  ;  travelling  at  an  immense  pace  because . 
tliey  would  still  be  liable  to  the  full  electric  force  that  they  had 
experienced  before,  and  yet  would  have  shaken  off  the  encumbrance 
of  the  material  atom  with  which  they  had  been  associated.  It  is  true  ^ 
that  no  such  disembodied  chargei>  or  electric  ghosts  had  ever  been  "" 
observed.  All  the  experiments  that  had  been  made  in  electrostatics 
had  been  niadc  on  charged  matter,  the  surface  or  boundary  o(  the 
matter  acting  as  the  locahty  for  an  electric  charge.  The  facts  of 
electrolysis  had  suggested  or  proved  that  the  atoms  themselves  could 
carry  charges*  and  hence  that  if  a  liquid  were  cicctrihed,  what  wiis 
really  happening  was  that  a  number  of  the  atoms  on  its  surface  turned 
their  similarly  charged  poles  outwards  ;  and  the  same  miglit,  for  all 
we  kjiew,  be  true  for  metals  also,  and  thus  every  charge  seemed 
associated  w^ith  matter. 

Yet  at  the  s:imc  time  the  occurrences  at  an  electrode,  where  an  ion  f 
gave  up  its  charge  and  escaped  without  it,  indicated  the  possibjUfy  that 
perhaps  the  electric  charge  could  exist  alone,  at  any  rate  that  it  could 
be  handed  from  one  atom  to  another,  and  thns  might  conceivably  exist 
alone  for  an  instant*  During  this  momentary  isolation  sonic  might,  in 
the  freedom  of  a  rarefied  gas  discharge,  possibly  cscapei  and  wandeit^B 
about  free.  ^^t 

To  such  hypothetical  isolated  charges,  the  miit  charge  or  charge  of  ~ 
a  momid  atom,  the  nume  "ciairou"  has  been  given,  and  when  I  ^peak 
of  an  '^  electron  '  1  mean  to  signify  the  at  present  purely  hypothetical  *" 
i-iolatcd  electric  charge.     Whereas  hy  the  term  "  ion "  I  always  signify^^ 
the  atom  and  its  charge  together.  "^  ^H 

Now  if  the  trying  particles  which  constitute  the  cathode  rays  wcre^* 
electrons  rather  than  ions,  if  they  w^cre  detached  charges^  Icavmg 
the  atoms  behind  them  (probably  leaving  the  atoms  from  wdiich  they 
were  detached  positively  charged),  their  extreme  mobility  and  diffusive- 
ness and  high  speed  would  be  perfectly  natural :  and  although  they 
would  not  be  matter  in  the  ordinary  sense,  yet  no  difficulty  need  be  felt 
at  their  possessing  some  of  the  properties  of  matter,  at  any  rate  sucii 
properties  as  appertain   to   matter   by  reason  of  its   having   inertia, 
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becaose,  as  we  have  seen,  an  electric  charge  itself  docs  posfiess  a  certain 
kind  of  imitation  inertia.  Hence  these  electrons  in  movement  lA'ould 
possess  momentum*  and  might  therefore  propel  wiadmills ;  they 
would  pofisess  kinetic  energy-',  and  therefore  mi^ht  heat  a  piece  of 
platinum;  and  if  suddenly  stopped  by  a  massive  target  when  travelling 
at  a  high  speed  they  might  readily  give  rise  to  phosphorescent  appear- 
ances, and  even  to  the  sudden  pulse  of  radiation  known  as  X-rays, 
But  the  existence  of  this  last  property  ought  to  be  capable  of  clear 
deduction  on  electrical  principles  if   the  matter  is  further  gone  into, 

INCRKASE   of   IS'liRTIA    DUE   TO  VERY   RAPID    MoTIOX. 

Btit  now  arises  the  question  whether  the  distribution  of  charge  on  a 
charged  body,  together  with  its  lines  of  force,  will  remain  constant  and 
unaltered  while  the  body  is  rapidly  moving  ;  because  if  the  distribution 
of  lines  of  force  is  altered,  then  perhaps  the  inertia  due  to  their  lateral 
motion  may  bo  altered  too. 

Thus,  for  instance,  Imagine  that  the  lines  of  force  of  a  body  in 
motion  became  more  concentrated  towards  the  axis  or  line  of  motion  ; 
the  effect  would  be  at  once  to  diminish  the  lateral  component  of  their 
motion,  therefore  to  diminish  the  magnetic  force  which  that  lateral 
component  causes,  and  thus  to  diminish  the  apparent  or  electromagnetic 
inertia  of  the  moving  charge. 

On  the  other  hand,  if  the  hnes  opened  out  and  became  concentrated 
towards  the  equator,  or  plane  normal  to  the  line  of  movement^  then  a 
greater  component  of  their  motion  would  be  of  a  kind  suitable  to  excite 
a  magnetic  iield  ;  moreoverj  since  both  the  fields  would  by  this 
concentration  increase  in  intensity,  the  whole  transmission  of  energy 
(V  EH)  would  be  greater,  and  the  inertia  \vould  apparently  increase, 

ThiJSi  then  J  it  may  be  possible  that  electric  inertia  may  depend  in 
some  fashion  on  speed,  a  thing  unknown  in  ordinary  mechanics.  I  do 
not  say  that  such  dependence  must  be  ntttme  in  ordinary  mechanics  ; 
on  the  contrar}^  I  feel  reasonably  sanguine  that  it  will  be  found  true  for 
matter  moving  sufficiently  fast,  and  that  it  may  even  have  a  practical 
influence  on  some  exceptionally  rapid  movements  in  astronomy.  But 
however  this  may  be,  there  is  no  doubt  that  theory  points  to  an  increase 
of  electromagnetic  inertia  at  excessively  high  speeds,  and  Mr, 
Heaviside  has  calculated  its  amount. 

It  will  be  observed  that  when  a  charge  moves,  it  generates  circular 
magnetic  lines  of  force.  Now  these  magnetic  lines  are  not  stationary, 
but  are  themselves  moving  at  the  same  rate  as  the  body,  hence  they 
generate  fresh  electrostatic  lines,  i,e,,  cause  an  electric  disphicement 
away  from  the  axis,  which  displacement  is  superposed  upon  the  original 
radial  displacement  {away  from  or  toward  the  centre)  due  to  the 
charge* 

At  ordinary,  at  even  violent  speeds,  this  second  order  elccti'ic  effect 
is  insignificant,  but  it  is  there  all  the  time,  and  must  not  be  ignored 
when  the  speed  becomes  extravagantly  high.  It  rapidly  rises  into 
promijience  when  the  speed  approaches  the  velocity  of  lights  but  at  any 
speed  much  smaller  than  this  such  a  second  order  effect  is  vanishingly 
small. 
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Its  effect  will  be,  as  the  al>ove  figure  shows,  to  alter  the  distribution 
of  the  charge,  making  it  move  away  from  the  poles  and  concentrate 
towards  the  equator  of  tiie  charged  sphere,  when  the  speed  is  very 
great ;  ultimately  becoming  wholly  concentrated  upon  the  equator,  all 
the  rest  of  the  sphere  being  denuded,  when  the  speed  attains  that  of 
lighL  And  the  electric  lines  of  force  will  then  be  opened  out  into  a 
fan  or  equatorial  plane,  hke  the  spokes  of  a  wheel  which  is  rushing 
furiously  along  an  elongated  axle,  the  circumference  of  tbe  wheel 
representing  the  direction  of  the  magnetic  field. 

The  magnetic  force  due  to  motion  can  be  shown  to  depend  on  the 
ratio  of  the  speed  of  the  motion  to  the  velocity  of  light,   nlv.    The 
secondary  electrostatic  force  due  to  the  motion  of  this  magnetic  field 
likewise  depends  on  the  same  ratio.     Hence  the  second  order  disturb- 
ance of  the  original  uniform  elec- 
trostatic field  will  be  of  the  order 
w^/t^^" ;  and  whenever  we  can  afford 
to  neglect  quantities  of  this  order^ 
the  distribution  and   therefore  the  m 
inertia  of  the  moving  charge  con- 1 
tinue  practical ly  constant. 

But  when  its  speed  of  motion 
begins  to  approach  the  velocity  of 
light,  say  even  no  more  than  Vnth 
of  that  speed,  then  a  perceptible 
disturbance  is  to  be  expected,  and^ 
something  like  a  i  per  cent  in-ifl 
crease  of  inertia  must  occur. 

The  complete  investigation 
makes  the  inertia  infinite  when  the 
speed  reaches  that  of  light,  but  there 
is  probably  no  need  to  press  this  to 
extremes,  unless  the  charge  were  an 
absolute  point :  clearly,  however, 
the  inertia  will  then  be  very  great, 
and  possibly  therefore  it  may  always 
be  impossible  to  make  matter,  or  at  least  charged  matter,  move  with 
a  speed  greater  than  that  of  light.  There  may  be  ways  out  of  this, 
bow^ever,  just  as  it  is  possible  for  a  bullet  to  move  through  air  with 
a  velocity  greater  than  that  of  sound.  This  is  managed  by  the  violent 
adiabatic  condeusation  of  the  air  in  front  of  such  a  bullet^  the  effect 
being  to  raise  the  appropriate  velocity  of  sound  to  the  required  value. 

If  there  is  any  w^ay  out  of  it  in  the  case  of  the  ether,  however,  it  is 
not  likely  to  be  this  way.  _ 

It  has  been  show^n  both  by  Mr.  Heavtside  and  by  Prof,  J,  J,  Thomson  m 
that  if  the  speed  of  motion  is  ever  greater  than  that  of  light,  the  fan  or 
radial  plane  of  lines  of  force  bends  backwards  and  becomes  a  conical 
surface,  gradually  closing  up  as  the  speed  increases  :  an  effect  singularly 
reminiscent  of  the  conical  pulse  travelling  with  a  sufficiently  rapid 
buHct,  and  demonstrated  in  Mr,  Boys*  bullet  photographs. 

No  known  speed  which  can  be  conferred  upon  matter  is  sufficient  to 


is  the  charge,  A  B  its  line  of 
motion,  and  AE  its  eleclric 
force  in  a  certain  direction 
when  stationary  ;  E  F  is  the 
magnetically  induced  electric 
component  due  to  the  motion, 
and  A  F  is  the  resultant  elec- 
tric force  which  rep  lace  S4  the 
original  force  A  E.  The  mag- 
nt:ttc  force,  to  the  motion  of 
which  E  F  is  due,  is  perpen* 
dicular  to  the  paper,  and  is 
itself  caused  by  the  motion  ; 
hence  E  F  is  a  small  quantity 
of  the  second  order,  for  speeds 
distinctly  less  than  that  of  light. 


J 
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bring  this  latter  effect  into  prominence.  The  quickest  available  carriage 
is  the  earth  in  its  Journey  round  the  sun,  19  miles  a  second,  or  60  times 
faster  than  a  cannon<baH  ;  btil  Ihe  earth's  velocity  is  only  the  ttrmr?  <^ 
e  speed  of  hght,  and  consequently  any  spurious  inertia  due  to  its 
orbital  motion  is  only  i  part  in  a  hundred  million  ;  and  even  the  accu- 
racy of  astronomy  could  not  display  any  effect  of  that  order  of  mag- 
nitude. 

There  are  stars  which  move  aoo  miles  a  second,  but  even  these 
have  only  one-tenlh  per  cent,  of  the  speed  of  Iij[*ht,  and  the  excfss 
inertia  will  he  only  i  part  in  a  millioru  The  only  known  place  wliere 
charges  or  charged  matter  move  at  speeds  greater  than  ttiis  is  in  a 
vacuum  tube.  There  the  cathode-propelled  particles  are  flying  20,000 
miles  a  second  or  tnth  the  speed  of  light,  and  they  may  have  i  per  cent, 
excess  inertia  i  or  more  if  they  can  be  persuaded  to  go  still  faster. 

The  substance  of  the  above  digression  on  the  effect  of  rapid  motion 

was    written     in   connection    with    the   Liverpool     meeting    of  the 

British  Association  in  1896^  and  vt*as  communicated  orally  and  very 

briefly  to  Section  A  in  a  discussion  on  the  mechanism  of  the  production 

o(  X-rays ;  for  I  then  thought  that  unless  great  speeds,  sufficient  to 

disturb  the  static  field,  were  reached  by  the  cathode  particles,  they  would 

not  serve  as  efficLent  producers  of  the  rays  when  suddenly  stopped  ; 

but  the  matter  has  been  gone  into  more  fully  now,  and  not  only 

Mr*  Heaviside's  voL  1  of  Ekcironutgnetk  Theory^  p.  57,  may  be  referred 

to,  where  the  circumstances  of  sudden  stoppage  of  a  charged  body 

moving  with  the  speed   of  light  arc  illustrated,  but  also  a  paper  by 

).  I*  Thomson  in  the  PhiIoso[*hical  Magazine  for  February  1898,  dealing 

powerfully  with  the  more  general  problem. 


APPENDICES  TO   PART    lU 


APPENDIX  C. 


On  Electricity  and  Gravitation. 

Referring  back  to  an  article  of  mine  in  the  PhUoaophkal  Magazine 
^or  November,  1882,  page  358,  we  find  the  fundamental  and  necessary 
relation  between  constants  stated  thus,  where  M  shall  stand  for 
Tnagnctic  pole  and  y  for  Cavendish's  gravitation  constant-* 

F  being  force  and  /  being  length. 

If  it  is  now  going  to  turn  out  that  a  mass  is  composed  of  electric 
charges,  it  might  seem  as  if  c  and  m  were  quantities  of  the  same  nature, 
and  were  only  numerically  connected,  whence  it  would  follow  that 
K  and  y  were  of  similar  kind ;  in  other  words,  Faraday's  dielectric 
constant  would  become  closely  related  to  Cavendish's  gravitation 
constant,  and  wdghi  as  well  as  mass  would  be  traced  to  eVecltVcvl'^  \  \i\\\. 
such  a  deduction  is  unwBrranicd,  there  is  nothing  to  prevent  e-iS^tv^vsXVj 
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different  properties  of  the  ether  being  involved  in  the  two  kinds  of 
force — ^gravitative  and  electric. 

As  to  the  nature  of  tlie  gravitation  constant  itself  we  have — 

__  FJ2  _     /3     __    «»"   _  sq.  of  velocity  __  energy/mass 
^  ""    m '   "~  wi  f  ^  ""  w/7  ""   linear  density  ~  mass/length  * 

It  is  clear  that  if  gravitation  is  in  any  sense  of  electric  origin  it  must 
be  a  second  order  disturbance  superposed  upon  the  main  electric 
effect,  and  be  independent  of  sign.  It  would,  in  fact,  depend  upon  e*, 
F'or  the  gravitative  force  between  two  electrons  at  distance  r  would  be — 


The  electric  force  between  the  same  two  electrons  at  the  same 
distance  is — 

Therefore  the  ratio  of  the  gravitative  to  the  electric  force  at  any 
distance  is  constant  and  equal  to — 

where  Fo  is  the  electric  force  between  electrons  in  contact,  and  v  is  the 
velocity  of  light. 

Numerically  this  ratio  of  the  two  forces  is — 

Fi  --  K      (-Y  = ^ f—Y  =  io-*« 

F,  ^  \e/         9  X  io»  X  1*5  X  io7  \io7>/  ' 

so  the  electric  force  exceeds  the  gravitative  as  much  as  the  globe  of 
the  earth  exceeds  in  bulk  an  ultra-microscopic  object. 

When  there  is  an  agglomeration  of  electrons  of  opposite  sign  their 
electric  influence  at  a  distance  disappears,  but  their  gravitative  in- 
fluences are  simply  added.  So  with  lo"  mixed  electrons  in  each  of 
two  bodies  at  any  distance  apart,  the  gravitative  force  between  them, 
will  equal  the  electric  force  between  two  single  electrons  at  the  sam^ 
distance. 

In  my  1885  Report  to  the  British  Association  on  Electrolysis,  page  745  , 
the  following  statement  is  made  : — If  the  opposite  electricities  wer^ 
extracted  from  a  milligramme  of  water  and  given  to  two  spheres  one 
mile  apart,  those  two  spheres  would  attract  each  other  with  a  force 
equal  to  the  weight  of  12  tons. 


APPENDIX   D. 
Dimensions  of  elm  Ratio. 

The  reciprocal  of  the  electrochemical  equivalent  of  a  substance  elm 
may  be  expressed  as  regards  dimensions  in  seNetaV  >n^.ys,  one  of  which 
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exhibits  it  as  a  certain  large  uumcriciil  multiple  of  V(*^r)i  ^^^^^  &^^- 
mctric  mean  bcween  Faraday's  dielectric  constant  and  Cavendish's 
gravitation  constant*  For  hydrogen^  this  numerical  niultiplc  is  of  the 
order  lo'* ;  for  silver  lo'** 

Another  way  is  obtained  by  writings 


'  =  KF/-^  = 


ml 


wfience  it  follows  that — 


=  '/  =  y(';"). 


and  so  efm  can  be  expressed  in 


A 


centimctresV 
II  grammes/ 


The  artifichiUty  of  these  dimensions  is  due  to  the  fact  that  €  and  in 
have  b>cen  conventionally  tneaiiured  in  different  ways ;  )n  is  measured 
by  ratio  of  applied  external  force  to  accelerationi  while  c  is  measured 
by  repulsive  force  self-exerted  on  a  similar  charge  at  given  distance* 

If  we  express  ft  as  a  density  (see  "  Modern  Views  of  Electricity/* 
Appendix  p),  the  electrochemical  equivalent  comes  out  as  esprcssible 
in  grammes  per  square  centimetre,  that  is  to  say  a  surface  density. 

It  is  noteworthy  that  while  v^(K/i)  is  of  the  same  dimensions  as 
ijt'^  \/  (K  ^)  corresponds  to  i/*,  where  c  is  an  electrochemical  equivalent. 


PART  III. 


Determination"  ok  Speed  and  Electrochemical  Equivalent  of 
Cathode  Rays* 

The  curvature  of  path  produced  in  cathode  rays  by  a  transverse 
magnetic  held,  or  the  amount  of  rotation  produced  by  a  longitudinal 
magnetic  field,  constitutes  an  evident  mode  of  attacking  the  problem  of 
Cist i mating;  their  velocity. 

If  the  velocity  is  constant  and  the  magnetic  field  uniform,  the  curve 
into  which  the  beam  is  bent  will  be  a  circle,  and  its  course  can  be 
readily  traced  cither  directly,  after  Crookes'  manner,  by  letting  it  graze 
a  phosphorescent  substance,  or  indirectly  by  inference  from  the 
position  of  a  linear  target  placed  so  as  to  catch  the  deflected  rays. 

Consequently  there  will  be  no  difficulty  in  determining  the  radius 
of  curvature  r;  and  the  theory  is  the  simplest  possiblej  nothing  more 
than  stating  that  the  magnetic  force  H,  acting  on  the  current  element 
t;Mi  is  the  accessary  deflecting  or  centiipetal  force,  mu-fr,  required  to 
overcome  the  mechanical  inertia  of  the  particles  ;  i.f., 


^^  ^e  itUf 


,whence     f  -,  j  u  =  ft  H  r ; 
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or  the  ratio  elm  is  to  the  velocity  of  the  particles  as  the  curvature  of 
their  path  is  to  the  intensity  of  magnetic  field  which  curves  it. 

The  two  factors  on  the  right  of  this  equation  are  directly  measure- 
able  {fi  being  conventionally  ignored  as  usual,  or,  what  is  a  better  mode 
of  expressing  it,  measuring  H  as  induction-density  instead  of  as  intensity 
of  field),  but  the  two  factors  on  the  left  are  both  unknown,  hence  neither 
can  be  determined  by  this  means  alone  :  an  assumption  must  be  made 
about  one  or  other  of  them,  or  else  another  independent  kind  of 
experiment  must  be  made. 

Assume,  as  many  experimenters  did,  that  m  is  a  velocity  appropriate 
to  atoms  flying  in  a  gas  of  ordinary  temperature,  then  the  value  of  eltn 
comes  out  not  so  very  far  discrepant  from  the  usual  ionic  value 
measured  in  liquid  electrolysis,  viz.,  lo^  c.g.s.  Or  conversely,  assume 
the  usual  ionic  or  electrolytic  value  for  this  ratio,  and  the  cathode  ray 
velocity  comes  out  something  quite  appropriate  to  atoms  of  matter. 

This,  however,  is  a  trap.  These  accidental  coincidences  may 
retard  progress  in  a  most  serious  manner,  for  they  satisfy  the  mind 
and  deter  people  from  investigation.  It  is  almost  impOFsible  to  be 
completely  on  guard  against  them,  and  they  are  usually  accepted  until 
a  more  thorough  qualitative  acquaintance  with  the  subject  leads  to  an 
instinctive  feeling  that  something  is  wrong  somewhere. 

So  it  was  in  this  case,  the  long  free  path  and  the  penetrating  power 
of  the  cathode  rays  kept  insisting  that  the  particles  were  not  really 
atoms  of  ordinary  matter  :  a  truth  which  both  Lenard  and  Crookes  had 
instinctively  grasped,  in  spite  of  much  criticism  and  valid  arguments 
the  other  way ;  so  in  1897  J.  J.  Thomson  made  a  much  more  serious 
attack  on  the  position. 

He  arranged  that  the  magnet  should  deflect  the  rays  into  an  in- 
sulated hollow  vessel,  connected  with  an  electrometer  and  a  known 
capacity,  so  that  the  aggregate  charge  of  the  cathode  ray  particles 
collected  in  a  given  time  could  be  measured  by  the  rise  of  potential 
observed.  He  also  arranged  that  inside  the  hollow  vessel  they  should 
fall  upon  a  thermal  junction  of  known  heat  capacity,  connected  by 
very  thin  wires  to  a  galvanometer  (acting  therefore  as  a  calorimeter),  so 
as  to  measure  their  aggregate  energy. 

Thus  he  could  make  the  following  simultaneous  determinations : — 

N^  =  Q 

Niw  w«  =  W 

—  w  =  It  H  r 

e 

In  these  three  equations  there  are  four  unknown  quantities,  but  one 
pair  can  be  treated  as  a  ratio,  and  another,  N,  can  be  eliminated,  and 
thus  we  get — 

«  =  ^w 

QHr 


mle  =  -^%-{,nr]' 


I 


I 
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When  these  brilliant  measure  me  tits  were  victual  ly  made  in  the 
laboratory  the  atomic  nature  of  cathode  rays  was»  if  not  actually 
disprovedj  at  alt  events  rendered  highly  improbable :  for  their  speed 
was  found  to  be  of  the  order  ten  Ihonsand  miles  per  second,  or  even  as 
high  as  tV  that  of  light  in  a  favourable  case,  being  always  of  Ihc  order 
IDS'  c*g.s.,  while  the  electrochemical  equivalent  was  of  the  order  io~?  c.g.Sp, 
or  about  ^^^j^  that  of  hydrogen* 

Changing  the  kind  of  residual  gas  in  the  tube,  and  changing  the 
electrodes^  miide  no  difference  to  this  last  value*  The  caihodc  rays  wcfe 
ciidently  itidepeiuieni  of  the  naiureof  the  matter  present :  an  exceedingly 
momentous  fact*  If  they  were  matter  at  all,  they  appeared  to  be 
matter  of  some  fundamental  kind  independent  of  the  distinctions  of 
ordinary  chemistr)%  Their  velocity,  however,  depended  on  the  poten* 
tial  difference  between  the  electrodes,  in  a  way  that  suggested  that  tliey 
were  really  projectiles  urged  by  the  potential  gradient  acting  along  a 
given  length  of  path.  They  were  propelled  by  the  cathode  through  an 
aperture  in  the  anode,  and  the  measurement  of  their  speed  was  made  in 
the  tube  beyond  the  anode,  wlicre  they  are  travelling  by  their  own 
momentum.  The  distance  apart  of  anode  and  cathode  did  not,  and  on  the 
projectile  hypothesis  ought  not  to,  affect  this  speed  ;  for  though  the  poten- 
tial  gradient  is  steeper  when  anode  and  cathode  are  put  close  together, 
the  length  of  path  during  which  the  particles  are  subject  to  it  is  dimin- 
ii^hed  by  a  compensating  amount*  so  that  the  velocity  is  theoretically 
independent  of  tiie  distance  between  the  electrodes,  as  long  as  the  total 
difference  of  potential  is  maintained  ;  it  is  the  absolute  difference  of 
potential  that  determines  the  speed.  But  manifestly  if  the  electrodes 
are  too  close  together  it  may  be  difficult  to  secure  a  high  difference  of 
potential  between  anode  and  cathode,  since  they  may  spark  into  each 
other  outside  the  tube ;  and  if  there  is  much  residual  gas  in  the  tube  it 
will  Ukewise  be  difficult  to  maintain  a  high  potential  difference,  because 
tliat  residual  gas,  under  the  influence  cf  the  cathode  rays,  will  conduct* 
Consetiuently  the  best  speeds  are  obtained  at  high  vacuum  ;  and  if  the 
density  of  the  residual  gas  inside  the  tube  is  constant,  the  speeds  will 
be  constant*  /fhe  nature  of  the  electrodes  makes  no  difference,  unless 
Ihey  give  off  gas  or  otherwise  make  it  difficult  to  maintain  the  retjuired 
potential  difference* 

Although  the  speed  of  the  particles  in  cathode  rays  was  thus  found 
Kitcesisivcly  greats  their  energy  was  only  moderate,  and  their  aggregate 
mass  therefore  excessively  minute  ;  their  aggregate  electric  charge, 
however,  was  considerable.  They  were  able  to  raise  an  electrical 
capacity  of  i'5  microfarads  several  volts,  sometimes  as  much  as  20  volts, 
ill  the  course  of  a  second  ;  and  in  the  same  time  they  jnight  be  able 
b  raise  a  calorimeter,  whose  heat  capacity  was  about  4  milligrams  of 
Water,  by  2*^  C*  Nevertheless  their  mass  was  so  small  that  it  would 
have  taken  one  hundred  ye^rb  Lo  collect  a  wcighable  amoinit,  and  then 
t*ily  about  oue- thirtieth  part  of  a  milligramme.  They  travelled  with 
^  velocity  a  hundred  thousand  times  greater  than  the  speed  of  rifle 
kmUels,  and  represented  the  greatest  velocity  up  to  that  time  observed 
ttr  «ven  now  known  in  matter,  if  matter  they  were  ;  atvd  tU^  ^AeLcVxQ- 
ehemicaJ  equivalGnij  m^tcud  of  coniiag  out  in  accordance  vi\H.\i  ^£hal 
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observed  in  liquids,  came  out  some  thousand  times  smaller  ;  that  is  to 
say,  tlie  charge  associated  with  each  particle  of  the  cathode  rays 
seemed  a  tliousand  times  greater  in  proportion  to  the  mass  than  the 
charge  associated  witli  an  electrolytic  ion,  even  of  hydrogen. 

If  the  flying  particles  were  really  atoms,  there  was  no  escape  from 
the  certainty  that  they  were  extraordinarily  highly  charged  atoms ; 
but  if,  as  seemed  more  likely  to  the  instinct  of  most  of  those  who 
worked  at  the  subject,  the  charge  on  the  flying  particles  was  the  same 
as  tlie  charge  possessed  by  an  atom  in  electrolysis,  then,  assuming  that 
the  experiments  were  correct  and  correctly  interpreted,  there  would  be 
no  escape  from  the  conclusion  that  the  mass  associated  with  the  ionic 
charge  in  cathode  rays  must  be  a  thousand  times  smaller  than  the  mass 
of  a  hydrogen  atom ;  in  which  case  the  cathode  projectiles  might  con- 
ceivably be  the  detached  and  hitherto  hypothetical  individual  electrons 
or  atoms  of  electricity  themselves.  It  would  be  extremely  rash,  how- 
ever, to  jump  to  such  a  far-reacliing  conclusion  on  such  comparatively 
scant  evidence.  The  evidence  must  be  confirmed  by  other  depart- 
ments of  Physics  or  by  other  determinations  based  on  a  dififerent 
method;  and  they  must  be  further  scrutinised  in  the  light  of  the  mag- 
netised-radiation  plienomenon  observed  by  Professor  Zeeman  of 
Amsterdam.  We  will  first  describe  a  determination  made  by  another 
method,  and  then  some  striking  measurements  applied  to  phenomena 
which  belong  apparently  to  other  departments  of  Physics. 

Further  Measurements  ok  Cathode  Ray  Velocity  and  m/e  Ratio 
BY  Aid  of  Electrostatic  Deflectiox. 

Another  and  perhaps  simpler  method  of  determining  the  two 
quantities  u  and  mfe  was  also  employed  by  J.  J.  Thomson,  viz.,  by 
deflecting  the  same  rays  both  electrostatically  and  magnetically ;  by 
introducing  a  pair  of  supplementary  electrodes,  one  above  and  one 
below  the  course  of  the  rays  inside  the  vacuum  tube,  and  connecting 
them  to  the  poles  of  a  low  potential  battery,  a  few  storage  cells  for 
instance,  thus  obtaining  a  vertical  electrostatic  field  at  right  angles  to 
the  cathode  rays.  At  the  same  time  a  magnetic  field,  produced  by 
lateral  magnet  poles  or  by  the  lines  of  force  due  to  an  electric  cun  ent 
in  a  circular  ring,  could  be  arranged  at  right  angles  to  both  the  other 
directions  ;  and  thus  the  electrostatic  deflection  could  be  compared 
with,  or  used  to  neutralise,  the  magnetic  deflection. 

Let  the  cathode  rays  be  received  upon  a  needle-point  covered  with 
phosphorescent  material  and  movable  up  and  down  in  a  measured 
manner  ;  then  the  deflection  of  the  rays  can  be  observed  by  reading 
how  much  the  needle  has  to  be  moved  in  order  to  catch  a  narrow  beam 
which  has  travelled  through  a  length  /  of  either  an  electric  field  of 
strength  E,  or  a  magnetic  field  of  strength  H. 

If  u  is  the  original  velocity  of  the  ray  particles,  travelling  at  right 

angles  to  both  the  deflecting  fields,  either  of  them  will  have  a  time  l/u 

in  which  to  act ;  and  in  that  time  an  extra  component  w  will  be  caused 

in  the  direction  of  the  electric  force,  or  perpendicular  to  the  direction 

o/  the  magnetic  force,  such  that  the  rate  oi  ch^Ltv^ta  ol  tMyesvawtMrn  of 


Hot  CQ»ac  AirW 


The  chief  ^fficnllT  ahoot  ll^  mde  of  t  fcpi,nmi'.ilH^  b  cais^^  h3r  Ibe 
fiict  ti»l  ibe  ioataaiiQQ  of  iradnl  sir  in  the  labc  Ga»se»  it  to  t%ciiiiic  a 
Imporajy  ocmdoctor,  lod  ^  tt»  soven  the  %iag  pwUctes  from  nio»t  of 
tbt;  electrical  itifiacace,  Tbere  b  no  gvannt^!  that  tfa^  fed  the  fuH 
^l^ect  of  Hie  dirclrtc  held  which  t»  osfte^^  being  J^>p4k^  ;  iiKleed  it 
is  not  easy  lo  kt  them  fed  an]^  <if  the  e^ct.  It  uscd  ta  be  thought 
tb.it  tiacy  were  not  sosceptible  lo  eJectrcbtatic  actioii  at  all,  smd  this 
^^  ottest  adduced  a>  aa  obnou:^  arg^jotent  against  their  being 
cIculricaUy  charged  particles ;  but  fortunately'  Thoiusoii  ^^oon  ^m* 
iniied  the  canse  of  this  ma^^king  of  the  ^dmple  elEect  lo  be  expected*  fliid 
HKX'cedud  in  showing  that  with  high  enoiigh  vacuA  and  other  pre- 
cautions  the  screening  ionised  atmosphere  could  be  removcd«  and  the 
tli'Clrostatic  detlcctioi]  metrically  observed. 

D«TliKWlNAT[0\'   Ol'"    Er>:CTHcX:HEMtCAL    E<JUIVALENT   IN   THE  CASE  OK 

ELECTKtc  Leakage  in  Ultra  Viulet  Light, 

The  same  ratio  of  m  :  e,  or  a  ratio  of  quite  comparable  magnitude^  h 
obtiiined  from  phenomena  which  at  first  sight  appe^ir  to  be  distinct. 

One  of  these  phenomena  is  the  effect  of  ultra-violet  light  in  dis- 
j  charging  negative  eJectricily  from  a  clean  mutal  or  other  surface  ;  a 
phenomenon  the  investigation  of  which  was  Liegua  by  HertKj  and 
continued  especially  by  Righi  and  by  Elster  and  tieitcl.  (Sue  one  of 
thy  appendices  to  my  ^'Signalling  without  Wires^''  published  by  tliu 
Electrician  Co.)  If  ultra-violet  light,  whether  from  a  spark  or  from  a 
Hame,  fall  upon  a  negatively  electrified  surface,  then  in  general  there 
Will  he  a  leak  of  electi  icih'  from  that  surface,  which  e\ecU\cVV^  cav\  V*^i 
axwvd  by  any  body  pinccd  opposite  the  illuminated  one ^  m\d  catt  ^ 
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used  to  charge  an  electrometer  of  known  capacity,  and  so  be  measured* 
The  writer  has  made  very  many  experiments  in  this  subject,  which, 
however,  have  not  yet  been  published.  Now  El^ler  and  Geitel  made 
the  notable  discovery  that  the  introduction  of  a  magnet  affected  the 
rate  of  leak,  according  to  the  direction  of  its  lines  of  force.  This 
phenomenon  suggested  a  magnetic  deBection  of  thehnes  of  leak,  which 
were  shown  by  Righi  to  be  singularly  definite  trajectories,  and  indicated 
that  the  leakage  w^as  due  to  the  bodily  propulsion  of  negatively  elec- 
trified particles  analogous  to  the  cathode  rays.  A  vacuum  is  not 
necessary  to  observe  the  effect,  but  ii^  a  vacuum  the  effect  is  more 
prominent  and  more  accurately  measurable.  The  difference  between 
this  case  and  an  ordinary  vacuum  tube  case  is  that  there  Is  no  great 
E.M.F,  or  gradient  of  potential  applied,  there  is  accordingly  nothing  of 
the  nature  of  a  disruptive  discharge  ;  and  in  fact  there  is  no  leak  at  all 
until  by  the  stimulus  of  the  presumably  synchronous  vibrations  of 
ultra-violet  light  the  molecules  are  thrown  into  a  state  of  agitation,  and 
the  attachment  of  the  negative  charge^  or  of  some  negatively  charged 
corpuscles,  thereby  loosened. 

Two  things  arc  necessary  to  get  the  particles  away  from  the  plate  ; 

they  must  be  loosened  by  the  impact  of  ultra-violet  light^ — the  direction 

of  polarisation  of  this  light  having  a  very  decided  inHu- 

^uze       5^nce,^and  the  surface  to  which  they  cling  must  hkewise 

j  be  negatively  charged,  so  as  to  repel  them*     Neither 

]  hght  alone  nor  electrification   alone  will  produce  the 

effect ;  co-operation  is  necessary. 

J*  J*  Thomson  devised  a  most  ingenious  method  of 
carrying  out  this  experiment  in  a  metrical  mannerj  and 
of  deducing  from  it  the  electrochemical  equivalent  of 
the  charged  particles,  that  is  to  say  the  amount  of 
matter  which  each  contained  compared  with  the  electric 
charge  which  each  carried.  To  this  end  he  employed 
the  usnal  arrangement  of  a  small  negatively  charged 
dnc  plate  on  which  ultra-violet  light  from  a  distant  arc- 
lamp  con  Id  shine,  through  quartz,  and  also  through  a 
parallel  piece  of  wire  gauze  connected  with  an  electro- 
meter. The  distance  between  the  zmc  plate  and  the 
metallic  ^auze  was  variable,  and  the  experiment  con- 
sisted in  observing  how  much  electricity  reached  the 
--^''    I  ganze  from  the  negatively  chiirged  plate,  under  the  in- 

"  fluence  of  light,  first  without,  and  then  with,  a  mag- 

I  netic  held  of  measured  strength  applied  cross  ways  to 

]  the  region  betw^een  them. 

'  A  little  calculation  of  extreme  beauty  showed  hini 

ViiA.  u  that  the  paths  of  the  Bying  particles  under   magnetic 

influence  would  be  cydoids,  whose  generating  circles 
contained  the  ratio  mlc  as  well  as  the  ratio  E/H= ;  that  is  to  say  their 
trajectory,  if  it  could  be  observed,  would  involve  the  electrochemical 
equivalent  required  and  likewise  the  ratio  of  the  electric  to  the 
magnetic  field  applied,  as  well  as  the  absolute  strength  of  the  magnetic 
field* 
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The  calculation  i^  so  simple  that  it  may  he  given  here  :  — 
Let  the  figtirc  show  the  vAnc  and  the  g^mc  fiicing  each  other,  close 
together,  with  a  gradient  of  potential  (V--  X')ld  =  E  between  them  ;  and 
kia  magnetic  field  of  induction  density  H  be  applied  normal  to  the  paper- 
Then  the  motion  of  a  charged  particle  detaclied  and  propelled  from 
the  origin  into  the  region  between  the  plates,  provided  that  the  plates 
are  in  vacuum  so  that  there  is  no  resisting  mediuni  to  interfere,  will  be — 

I  my^=Hex 

the  initial  values  of  x,y,  i,  and  j^»  being  all  zero* 

The  solution  of  these  equations,  under  these  initial  conditions^  is — 


i  x^a(^i  —  cos  hi) 
\  y  ^a  {bi  —  sin  b i) 

where    a=  f- ^  and  b  =  H 


e  , 


i 


and  from  these  we  see  that,  wdiereas  x  is  oscillatory  in  accordanee  with 
a  versine,  ranging  from  o  to  2  a  and  back,  v  is  both  oscillatory  and 

progressive,  completing   its  period   in  a  time  -j^,  and  increasing  in 

b 

CTery  snch  period  by  the  amount  2Trd.     In  other  wordSj  the  equations 

represent  a  cycloid  traced  by  the  rim  of  a  circle  of  radius  a  rolling  on 

the  zinc  plate. 

There  is  no  known  way  of  actually  observing  this  quite  invisible 

and  purely  theoretical  trajectory ;   but  w^hen  it  is  perceived  that  in 

'iccordance  with  this  theory  all  the   particles  moving  between  the 

plates  wdll  have  similar  paths,  so  far  as  they  do  not  come  near  the 

»^gc  of  either  plate — in  which  cas::  they  would  not  be  propelled  so 

far— It  becomes  plain  that  there  shouJd  be  a  critical  distance  within 

which  the  gauze  would  receive  and  intercept  all  the  particles,  and  beyond 

which  not  a  single  one  would  be  able  to  reach  it.    In  the  figure  the  gau2c 

is  depicted  as  set  just  beyond  the  critical  distance,  so  that  it  would  receive 

110  electricity^  even  though  the  ultra-violet  light  vtere   fully  shining ; 

but  so  that  if  either  its  distance  from  the  zinc  were  diminished,  or  the 

electric  field  strengthened,  or  the  magnetic  field  weakened,  the  gau;5e 

would  at  once  come  within  range  and  receive'  a  plentiful  supply  of 

charge   from  the  hypothetical  cycloid  ally -flying  particles.      And  the 

critical  distance  at  which  this  would   happen — ^a  thing  easily  experi- 

[iientally  obsei'ved— would  be  independent  of   the  brightness  of   the 

ultra-violet  light,  and  would  be  merely  the  diameter  of  the  generating 

circle ;  in  other  words,  the  critical  distance  t>etween  the  plates,  when 

eflfective  transfer  of  charge  occurred,  should  be  2  a,  or  —rr^'  I  a  quantity 

I  which  by  tliis  ingenious  means  could  be  measured.  Wherefore  the  ratio 
imfc  for  this  case  can  be  experimentally  determined,  if  E  and  H  are 
^both  known,     The  apparatus  employed  is  shown  in  Fig.  2. 

The  sharpness  of  nctunl  eAperiniejital  observatlotv  oi  t\\^  mfe?\ 
dktM2C0  14-^5  iioi  found  quite  no  great  as  this  simple  theot^  woxii'i. 
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indicate,  because  of  disturbing  causes,  one  of  which  was  the  presence 
of  some  residual  air,  interfering  with  the  perfectly  free  path  of  the 
moving  bodies ;  nevertheless  it  was  sharp  enough  for  fair  determina- 
tion ;  and  the  result  was  again,  in  this  case 
also,  that  the  ratio  ejin  came  out  lo^  c.g.s.,  or 
more  exactly  7  x  10* ;  correspondmg  closely 
with  the  values  found  by  J.  J.  Thomson, 
confirmed  subsequently  both  by  Lenard  and 
Kaufman  n,  for  the  cathode  ray  particles. 

Another  phenomenon  on  which  measure- 
ments were  made  was  the  discharge  of 
electricity  from  an  incandescent  carbon 
iilament  in  an  atmosphere  of  hydrogen. 
This  also  is  subject  to  disturbance  by  a 
magnetic  field,  as  was  shown  by  Elster  and 
Gcitel ;  and  a  series  of  measurements,  on 
lines  similar  to  the  preceding,  resulted  in  a 
value — 


Fig.  2.— a  B  is  the  insulated 
zinc  plate,  C  D  is  the 
j^auze,  E  F  is  quartz  ; 
the  source  of  ultra  violet 
li|?ht  is  at  some  distance 
below,  and  the  vessel  can 
be  filled  with  any  gas 
and  exhausted. 
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a  value  of  the  same  order  of  magnitude  as 
before,  one  thousand  times  greater  than  the 
electrochemical  or  electrolytic  value  for 
hydrogen,  and  many  thousand  times  greater 
than  for  other  substances,  but  always  con- 
stant and  independent  of  the  nature  of  the 
substance  present. 

The  only  things  which  give  the  ordinary 
electrolytic  value  for  this  ratio  are  the  positive  carriers.  These 
are  not  so  easy  to  observe,  but  WiEX  *  has  examined  these  by  de- 
tecting and  measuring  the  slight  magnetic  deflexion  exhibited  by 
certain  rays  behind  the  cathode  in  a  vacuum  tube,  which  Goldstein 
discovered  and  called  Kanal-strahlen,  and  which  Ewers  proved  were 
carriers  of  positive  electricity.  Wien  has  shown  that  they  move 
slowly,  and  that  in  hydrogen  their  ratio  elm  is  of  the  order  lo*,  that 
is  to  say  the  proper  value  for  a  hydrogen  atom  or  ion ;  and  with 
other  substances  the  ratio  has  been  found  to  vary  with  the  substance 
and  approximately  to  equal  the  electrolytic  value,  for  these  positively 
charged  particles.  J.  J.  Thomson  has  likewise  made  measurements  on 
the  positive  carriers  by  means  of  the  discharge  from  incandescent 
filaments  and  other  positively  charged  hot  bodies,  and  has  confirmed 
Wien's  results. 

Thus  it  is  forcibly  suggested  that  whereas  the  positive  carriers  of 
electricity  are  ions,  consisting  of  a  unit  +  charge  associated  with 
an  atom,  the  negative  carriers  appear  to  be  dissociated  from  the  main 
bulk  of  the  atom,  as  if  they  were  only  fractions  or  fragments  or  con- 
stituents or  appendages  of  an  atom,  which,  detached  and  flying  loose, 
ai*e  able  to  attain  to  prodigious  speed  ;  since  any  acceleration  to  which 

'  Wled,  AtitL  Ixv.  p.  440.    See  also  Ewers  *m  >N\fcA.  Aun.\m..  v-  ^^7» 
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they  mre  subjected  is  a  thousand-fold  greater  than  it  is  even  for  an 
atom  of  hydrogiin^  weighed  down  and  burdened  as  thai  h  with  a  mass 
of  inert  matcriai  and  5ul>ject  only  to  the  very  same  propulsive  force. 

Think  of  the  mobility  of  a  set  of  particles  which  experienced  the 
Hsual  gravitation  intensity  ^  and  had  only  y^^jjjj  of  the  mass  to  carry. 
here  is  no  known  w^y  of  thus  intensifying  gravity^there  are  plenty 
of  ways  of  diluting  it,  eg,  AtwCK?d's  macliine,  an  inclined  plane, 
etc,  etc.  But  such  a  mobile  particle  as  that  we  are  now  Considering 
would  drop  under  the  inl^ucnce  of  gravity  not  16  feet  in  the  first 
second,  as  everything  we  know^  does  near  the  surface  of  the  earth,  but 
16,000  feet,  or  about  three  miles  ;  and  would  in  one  second  acquire 
under  gravity  a  velocity  of  six  miles  per  second,  enough  almost  to  carry 
it  out  of  the  range  of  the  earth's  attraction  altogether,  and  more  than 
enough  to  carry  it  roimd  the  world* 

The  acceleration  to  which  such  particles  are  subject  in  a  vacuum 
tube  is   far  greater  even    than  ttiis,  because  there  the  forces  are  so 
prodigious  ;  gravitation  force  on  ions  is  almost  infinitesimal  compared 
with  common  electrical  force  on  their  charges*     Suppose,  for  instance, 
that  they  are  in  a  field  such  as  easily  occurs  in  a  vacuum  tube,  of  3,000 
'volts  per  centimetre,  one4enth  of  what  ordinary  air  will  standi  or  ten 
electrostatic  units.    The  force  urging  one  of  these  carriers  to  move  is 
then  10  X  lor^**  ^  10-^^  dyne  ;   the  mass  being  moved,  if  it  is  a  whole 
atom  of  hydrogen,  e.g.  if  it  were  a  positive  carrier  in  a  hydrogen  atmo- 
sphere,  is  only   lo"  *^   gramme,  and   accordingly   the   acceleration   it 
experiences  is  lo'^  centimetres  per  second  per  second,  or  a   billion 
.      times  g.    Whereas  if  it  were  a  negative  carrier,  in  any  atmosphere, 
^K  its  acceleration  w^ould  be  a  thousand  times  greater  still. 
^m      The  velocity  acquired  in  passing  over  a  distance  of  five  centimetres 
^m  under  tliis  force  b  obtained  by  finding  the  square  root  of  2/h  ;  tliat  is 
^B  to  say,  it  is  10^  centimetres  per  second  for  a  positive  carrier,  and  3  x  lo^ 
H  centimetres  per  second  for  a  negative  carrier  j  and  these  are  approxi* 
W^  mately  the  orders  of  magnitude  actually  observed. 
I  Thus  the  hypothesis  becomes  more  and  more  justified  that  these 

liiiits  of  electric  chai'ge  can  separately  exist ;  perhaps  carrying  with 
them  part  of  the  atom,  111  which  case  they  might  be  called  corpuscles, 
Tiaving  a  material  nucleus ;  perhaps  pure  disembodied  electricity,  what- 
ever that  may  be — an  electrical  charge  detached  from  matter, — in  w^hich 
case  they  would  correspond  w^ith  those  hypothetical  entities  familiar 
in  theoretical  and  math emati cat  treatment  as  *'  electrons/* 
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III  my  Report  on  Electrolysis  to  the  British  Association  for  18S5  (see 
the  At>crdeen  volume,  pp,762^  763)^  I  call  attention  to  tbe  pos?Ab^i\l^  W^aX 
an  atomic  theory  0/  electricity  would  giYt  rise  to  a  maximura  cti-a-t^^ 
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possible  on  a  given  area.  The  maximum  surface  density  would  be 
attained  when  every  atom  was  polarised  so  that  its  atomic  charge 
faced  outwards  ;  and  for  a  solid  or  liquid  it  would  be  very  great.  For 
the  charge  on  each  being  10'°  and  the  number  of  atoms  per  square 
centimetre  being  10'*,  it  follows  that  the  maximum  surface  density 
possible  is  <T  =  10*  electrostatic  units  per  square  centimetre.  The 
corresponding  gradient  of  potential  would  be  4  w  <t  =  10',  or  3,000 
niegavolts  per  centimetre,  and  the  corresponding  tension  would  be 
2  7r<T''  =  6x  io'=  c.g.s.  ^  40,000  tons  to  the  square  inch.  Of  course  no 
dielectric  would  stand  this  pressure,  but  absolute  vacuum  might. 

In  practice,  therefore,  it  follows  that  when  a  surface  is  charged 
highly,  only  an  exceedingly  small  percentage  of  the  molecules  are 
polarised  with  their  charges  facing  outwards.  For  instance,  common 
air  breaks  down  when  the  tension  rises  to  a  value  2  w  er*  ^  ^  gramme  per 
square  centimetre  =  400  c.g.s. ;  wherefore  the  maximum  <r  in  ordinary 
air  is  8  electrostatic  units  per  square  centimetre ;  and  this  quantity 
would  be  afforded  by  the  facing  outwards  of  10"  molecules,  or  one  in 
every  hundred  thousand  of  a  solid  surface,  or  about  a  tenth  per  cent, 
of  those  in  air. 

It  is  shown  on  p.  760  of  my  1885  B.  A.  Report  on  Electrolysis,  that 
a  potential  gradient  of  the  order  i  volt  over  molecular  distance  is 
sufficient  to  overcome  atomic  attraction  and  effect  decomposition  in 
liquids.  Any  liquid  which  is  a  conductor  throws  the  whole  applied 
stress  on  to  a  molecular  layer  contiguous  to  an  electrode,  and  accord- 
ingly something  of  the  order  of  a  volt  or  two  difference  of  potential 
between  electrodes  in  such  a  liquid  is  required,  and  is  sufficient,  for 
decomposition. 


PART  IV. 

The  Electron'  Theory  of  Conduction  and  of  Radiation. 

Meanwhile  the  probability  of  the  existence  of  electrons  and  the 
possibility  of  regarding  them  as  the  basis  of  all  electric  and  of  most 
other  material  phenomena,  had  seized  hold  of  the  imagination  of 
several  mathematical  physicists,  notably  of  Dr.  J.  Larmor  and  of  Pro- 
fessor H.  A.  Lorentz.  Both  these  philosophers  endeavoured  to  trace 
all  electric  properties  to  the  behaviour  of  electrons,  usually  of  course 
in  association  with  material  atoms ;  and  Dr.  Larmor  proceeded  to  try 
and  invent  a  possible  structure  in  the  ether  which  should  have  the 
properties  of  an  electron,  whether  positive  or  negative,  and  so  reduce 
a  great  part  of  Physics  to  its  simplest  terms.  This  magnificent  attempt 
at  a  new  Principia  has  not  yet  been  finally  successful,  but  a  great  mass 
of  very  suggestive  material  is  to  be  found  in  Dr.  Larmor's  contributions 
to  the  Transactions  of  the  Royal  Society,  and  in  his  recent  great  sum- 
mary called  "  Ether  and  Matter" ;  which  last,  published  by  the  Cambridge 
University  Press  as  an  Adams  Prize  Essay,  is  accessible,  though  barely 
intelligible,  to  all. 

Suffice  it  here  to  say  that  the  electron  cotvsUtutes  the  basis  of  the 
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whok  treatment,  and  that  there  is  supposed  to  be  no  electric  current 
ac^pt  electrons  in  motion.  They  may  move  with  the  atoms,  as  in 
(.'Jectrotysis ;  they  may  ^y  aionc*  as  in  gases  ;  or  they  may  be  handed 
on  from  one  £xcd  atom  to  the  next>  as  in  solids. 

Conduction. 

The  possible  modes  of  conduction  or  transmission  of  elect ricily  are 
in  fact  three,  which  I  may  call  respect iveJy  the  bird-seed  method,  tlif 
hullct  method,  and  I  he  fire- bucket  method. 

The  bii  d-seed  method  is  adopted  i  n  liquids  i  il  is  exemplified  in 
electrolysis  ;  the  bird  carries  the  seed  with  it,  and  only  drops  it  when 
it  reaches  ao  electrode. 

The  l>ullet  method  is  the  method  in  gases,  as  has  been  clearly 
realised  by  aid  of  the  cathode  rays  :  the  space  from  cathode  to  anode 
represents  the  length  between  the  breech  and  the  mu^jsle  of  the  guu, 
and  the  rest  of  the  path  is  anatogoos  to  the  trajectory  of  a  bullet, 
which  ultimately  either  penetrates  or  is  stopped  by  a  "^get,  with  a  flash 
of  light  or  other  appropriate  disturbance.  ^ 

The  fire-bucket  method  must  be  the  method  of  conduction  in  solids^ 
where  the  atoms  arc  not  susceptible  of  locomotion  and  can  only  paSi^^ 
electrons  o(]  from  hand  to  hand  ;  oscillating  a  httle  in  one  direction  toi 
receive  them,  and  in  another  direction  to  deliver  them  up,  and  so 
getting  thrown  gradually  into  the  state  of  vibration  which  we  call  heat, 
Bnt  it  may  be  observed  that  this  need  for  motion,  in  order  to  pass 
electrons  on,  becomes  less  and  less  according  as  the  body  is  less  subject 
to  the  irregular  molecular  disturbance  we  call  heat.     It  may  be  theljf^ 
expansion  and  molecular  separation,  or  it  may  be  the  irregular  josthng , 
and  disturbance^  that  impede  easy  conduction  ;  but  certainly  conduction 
improves  as  temperature  falls,  and  transmission  becomes  quite  easy  at 
iVery  low^  temperatures*    The  conduction  of  heterogeneous  alloys  is  |l 
less   simple  matter,  being  probably  mixed  up  with  back  E.M.F.   de- 
veloped at  innumerable  junctions,— otherwise  it  would  be  instructive  to 
I^^CK^iine  the  effect  of  tow  temperature  on  the  conductivity  of  a  metal 
^vvkiiich  did    not  contract  with  cold.      The  extra  condnclivity  of  hot 
^■electrolytes  is  a  totaUy  different  phenomenon :  it  is  not  true  con- 
^■duction,  bnt  conyective  locomotion  of  ions  in  their  case, 
^^       Metals  are  bodies  in  w^hich  the  transfer  of  an  electron  from  one 
atom  to  another  is  easy,  demanding  no  force  as  long  as  the  process  is 
not  hurried — a  process  of  the  nature  of  a  diffusion  /  insulators  are  bodies 
in  which  it  can  only  be  accomphshcd  with  violence.     The  transmission 
of  vibrations  along  a  chain  of  connected   molecules  may  well  occur 
^^  through  a  not  dissimilar  kind  of  connection  ;  and  hence  the  conduction 
^m  of  electricity  and  the  conduction  of  heat,  though  really  different  pro- 
l^"  cesses,  may  have  many  points  In  common. 

Most  is  known  about  electrolytic  and  gaseous  conduction.  In 
gaseous  conduction  the  negative  electrons  fly  free  and  fast;  the 
positive  charges  travel  slowrly  by  reason  of  their  association  with 
matter* 

In  liqoid  conduction  hath  sets  of  electrons  are  as^oca^iXfid.  m^ 
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atoms,  and  travel  only  as  ions  at  a  slow  diffusion  rate  which  was 
calculated  by  Kohlrausch,  has  been  observed  by  myself  and  others, 
and  is  well  known. 

The  rate  of  transmission  in  solids  can  only  be  inferred,  and  it  would 
appear  as  if  in  one  class  of  solids  the  positive  were  able  to  travel  fastest, 
whereas  in  another  class  negative  travelled  fastest  :  a  difference  which 
is  familiar  in  liquids.  In  acids,  for  instance,  the  positive  charges  travel 
much  the  quickest,  because  they  are  associated  with  light  hydrogen Jj 
atoms ;  and  it  is  owing  to  the  comparatively  easy  migration  of  thisj 
light  or  small  hydrogen  atom  that  acids  are  in  general  such  good  con-' 
duct  or  s. 

The  Hall  magnetic  bend,  like  Faraday's  magnetic  rotation,  is  a 
differential  effect,  and  would  be  zero  if  positive  and  negative  were 
equally  acted  on.  In  gases  it  is  differential  too,  but  there  the  negative 
charges  are  so  free  as  compared  with  the  positive,  and  fly  so  much  more 
rapidly,  that  the  Hall  effect  in  gases,  especially  in  rarified  gases,  is  very 
great  in  comparison  with  the  small  residual  effects  found  in  liquids  and 
solids. 

Radiation. 

But  it  is  not  only  the  progressive  motion  or  locomotion  of  theji 
electric    atomic    appendages   that  we  have  to    consider ;    we    mustr 
assume  also  that  they  are  susceptible  of   motion  in  the  atom  itself,! 
either  vibrating  like  the  bead  of  a  kaleidophone,  or  revolving  in  a 
minute  orbit  like  an  atomic  satellite.     Indeed  it  is  to  the  vibrations^ 
or  revolutions  of  the  electrons  in  an  atom  that  its  radiating  power  is 
due.    Matter  alone  has  no  perceptible  connection  \^ith  the  ether,  a  fact 
which  is  proved  in  my  paper  in  the  Philosophical  Transactions  for 
1893  and  1897 ' ;  it  is  electric  charge  which  gives  it  any  connection,  and 
even  then  it  has  no  viscous  connection — there  is   no  connection  that 
depends  upon  velocit}^  or  is  of  the  nature  of  friction," — it  is  purely 
accelerative  connection  ;  it  is  only  when  the  charge  vibrates,  and  during^ 
its  accelerative  periods,  that  it  is  able  to  influence  the  ether  and  carva^ 
it  into  waves  3 — waves  consisting  probably  of  alternations  of  shear,  witlj 
no  motion  of  the  ether  as  a  whole,  but  only  a  to-and-fro  quiver  of  its 
equal  opposite  constituents  over  some  excessively  small  amplitude :  a 
kind  of  motion  which  constitutes  what  we  know  as  radiation.     It  is  not 
the  atom  pulsating  as  a  whole  which  disturbs  the  ether,  but  the  pulsa- 
tions or  vibrations,  or  the  startings  and  stoppings  and  revolutions,  of 
its  electric  charge.     But  normal  or  centripetal  acceleration,  involving!  V 
nothing  more  than  change  of  direction,  is  just  as  effective  as  actuall 
change  of  speed.    If  an  electric  charge  is  able  to  describe  a  small  orbit' 
four-hundred-bilHon  times  a  second,  it  will  emit  the  lowest  kind   of 
visible  red  light.     If  it  vibrates  faster  it  will  emit  light  of  higher  re- 
frangibility  ;  and  the  particular  kind  of  radiation  emitted  by  the  atom 
of  any  substance,  when  in  a  fairly  free  state,  will  depend  on  the  orbital 
period  of  its  electrons  :  every  frequency  of  vibration  corresponding  to 
a  deflnite  line  in  the  spectrum. 

'  Lodge,  Phil.  Tratis.,  vol.  184,  pp.  727-804,  and  vol.  189,  pp.  149-166. 

'  See  especially  Phil.  Trans.,  vol.  189,  p.  164. 

•?  See  Part  I.  of  this  paper,  p.  49,  also  ^ppewd\x  G. 
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I  But,  if  this  be  so,  radiation  must  be  susceptible  to  miignetic 
influence,  for  a  revolving  electric  cliarge  constitutes  a  circular  current, 
and  if  a  magnetic  field  i^  i^tartcd  into  existence  with  its  lines  liireucling 
that  cif cuitj  it  must,  while  it  is  changing  in  intensit}-,  caut^e  the  speed 
either  to  increase  or  to  decre;ise,  and  so  will  either  raise  or  lower  the 
refrangibility.  If,  then,  electrons  aie  revolving  in  every  direction  and 
d  iimgnetic  field  h  excited,  during  the  rise  of  the  field  the  piice  of  sonic 
will  be  increased  and  of  some  decrejised,  and  this  increase  or  decrease 
will  not  stop  until  the  magnetic  field  is  destroyed  again. 

Hence  it  would  appear  that  if  a  source  of  radiation  is  put  into  a 
magnetic  iield,  and  its  lines  exanifned  with  a  spectroscope^  they  should 
be  doubled,  some  being  raised  in  refrangibility,  others  lowered  ;  or  if 
any  are  left  unaltered  the  line  might  be  tripled,  or  if  the  motion  was 
of  a  more  complicated  character  the  line  might  conceivably  be 
quadrupled  or  sextupled,  or  any  other  change  produced  according  to 
the  character  and  complexity  of  the  motion.  At  any  rale  il  would 
seem  that  the  line  must  he  affected  somehow,  even  if  it  were  only 
broadened.  It  happened,  however,  that  when  Dr,  Larmor  theoretically 
perceived  this,  and  did  the  calculation  for  it  in  1895  to  sec  bow  much 
effect  might  be  expected^  be  made  the  natural  assumption  not  that  an 
electron  could  mo%'e  by  itself  on  a  comparatively  stationary  atom,  as 
above  described,  but  that  Ibe  atom  was  itself  pulsating  or  revolving  01^ 
quivering  in  some  way  as  a  whole  and  carrying  its  charge  with  it*  On 
diis  assumption,  knowing  what  he  did  about  the  ma^^siveness  of  an 
atom^  iie  perceived  that  the  effect  would  be  too  small  to  see  ;  and 
inasmuch  as  Faraday  bad^  with  imperfect  apphances  many  years  ago, 
looked  for  some  such  effect — not  then  guided  by  theory,  but  simpJy 
with  the  object  of  trying  all  manner  of  experiments — and  bad  failed  to 
2e  anything,  no  fresh  experimental  attempt  to  examine  the  question 
iTis  initiated  j  nor  was  tlie  matter  publicly  referred  to  until,  as  hinted 
above^  Zee  man  of  Amsterdam,  in  1897,  with  a  powerful  Rowland  grating 
aud  a  strong  electromagnet,  skilfully  observed  a  minute  effect  consisting 
in  a  broadening  of  the  lines  emitted  by  a  sodium  flame  placed  between 
its  poles  ;  and  then  at  once  Dr.  Larmoi'  wrote  to  me,  saying  that  this 
must  be  the  effect  which  he  had  expected  but  tbouglit  must  be  too 
small  to  see.  On  receiving  the  intimation  1  immediately,  with  a  little 
trouble*  repea.ted  and  verified  the  experiment/  and  cxhit>iled  it  at  the 
^  Koyal  Society  soiree  in  May  that  same  year* 

From  this  simple  but  important  beginning  the  large  subject  of  the  [g^ 
iiilluence  of  a  magnetic  field  on  the  radiation  from  different  substances 
Iras  been  laboriously  worked  at ;  not  only  by  the  original  discoverer, 
but  by  Preston  in  Dul^bn,  Michelson  in  Americxi,  and  others  ;  and  a 
whole  scries  of  important  facts  has  been  made  out.  Every  line  has 
been  been  studied  separately  ;  some  lines  are  quadrupled,  some  tripled, 
some  sextupled*  and  so  on,  as  said  above.  One  mercury  line  is 
resolved  into  as  many  as  eleven  components.  The  effect  is  therefore 
noi  too  small  to  see,  though  it  needs  excessively  high  power  and  perfect 
appliances  to  see  it ;  and  so  it  became  evident  that  if  radiation  were 

'  See  Proc.  Roy.Soc.,  vol  60,  pp.  466,  515,  and  vol,  6i,  p.  ^\%  ot  Nature , 
Vfil.  36,  p.  73/  :  it/st?  Tk£  Ekcitkiiift^  vol,  jK. 
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due  to  moving  electrons,  their  motion  could  not  be  handicapped  b^^ 
having    very    much   matter  associated  and   moving  with   them.      I± 
became  possible,  indeed,  by  making  a  measurement  of  the  amount: 
of  doubling  undergone  by  the  lines  in  a  given  field,  to  ascertain  ho^v 
much  matter  was  associated  with   the  revolving  electric    charge  ia 
any  given  case ;  in  other  words,  to  make  a  determination  of  the  electro- 
chemical equivalent   effective    in    radiation,    Lc,    of    the    ratio   m/e. 
Indeed,   Professor  Zeeman,  with  considerable  skill,  made  a  rough 
determination  of  this  kind  at  a  very  early  stage,  when  he  only  saw  the 
effect  as  a  slight  broadening  of  the  sodium  lines  ;  and  came  to  the 
conclusion   that  the   electrochemical    equivalent  was   quite  different 
from   tliat  appropriate  to  electrolysis,  being  some    thousand    times 
smaller.     He  found,  in  fact,  that  the  ratio  elm  had  in  this  case  also 
the  notable  value  already  suspected  in  connection  with  cathode  rays, 
viz.,  the  value  lo^  c.g.s. 

More  recent  measurements  have  confirmed  this  estimate,  and  shown 
that  the  ratio  of  charge  to  matter  in  the  Zeeman  case  is  practically 
identical  with  the  ratio  of  charge  to  matter  in  the  cathode  ray  case  ;  in  ^ 
other  words,  that  whatever  is  flying  in  the  cathode  rays  is  vibrating  in  i 
a  source  of  radiation,  and  that  if  the  cathode  rays  consist  of  moving  \ 
electrons,  radiation  is  due  to  vibrating  or  revolving  electrons. 

Even  this,  however,  does  not  constitute  a  proof  of  the  existence 
of  masses  so  much  less  than  atoms ;  it  may  be  only  a  remarkable 
coincidence.  Besides,  it  is  possible  that  in  all  these  cases  the  whole 
atom  is,  <ifter  all,  moving,  but  that  its  electric  charge  is  one  thousand 
times  bigger  than  what  had  previously  been  observed  as  the  proper 
charge  of  an  atom. 

But  this  assumption,  improbable  even  for  the  cathode  rays, 
becomes  still  more  unlikely  in  the  case  of  radiation,  where  it  is  not  at 
all  uimatural  that  only  a  very  small  part  of  the  atom  should  be  moving, 
the  great  bulk  of  it  being  practically  stationary.  Besides,  the  more  the 
details  of  the  Zeeman  effect  are  studied,  the  clearer  it  becomes  that  the 
electron  theory  attributed  to  it  from  the  first  by  Professor  H.  A.  Lorentz, 
as  well  as  by  Fitzgerald  and  Larmor  in  England,  is  complete  and 
satisfactory. 

One  of  the  earliest  publications  in  England,  both  of  the  fact  and  of 
its  elementary  theory,  is  that  given  by  the  present  writer  in  two  articles 
in  the  Electrician  for  February  and  March,  1897,*  which  are  worth  re-  , 
ferring  to  as  representing  incipient  ideas  on  the  subject  before  the  full 
significance  was  grasped.  The  high  value  of  the  elm  ratio,  viz.,  J  x  lo' 
c.g.s.,  or  fifty  million  coulombs  per  gramme,  instead  of  the  moderate 
electrolytic  value,  is  spoken  of  on  page  643  as  a  difficulty ;  and  a  Fitz- 
gerald suggestion  amounting  virtually  to  the  beginnings  of  an  electron 
theory  of  the  Zeeman  effect  is  hinted  at.  Likewise  an  extremely  short 
way  of  expressing  the  theory  of  the  motion  is  given  by  the  writer,  in  the 
following  form  : — 

Consider  the  resolved  part  of  any  orbital  motion  projected  on  to  a 
plane  normal  to  the  applied  magnetic  field  H,  and  let  the  angular 

'  See  Lodge,  Electrician,  vo\.  3%,pt>«  S^^tv^^V 
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veladty  at  any  point  witli  radms  of  curvature  r  be  w,  t!H"n  tKc  f»cM  will 
cjert  a  radial  component — 

+  /*^  Hrw 

which  will  represent  ao  iiicr  erne  tit  or  decrement  of  cen  tripe  till  force 

if  (  m  r  w''), 
vrliencc  it  follows,  to  a  first  approximation,  that — 

2  m 

and  the  change  of  frequency  caused  by  the  magnetisation  will  therefore 
be— 

4Trl« 

The  other  component  of  the  original  orbit  will  manifestly  be  un- 
changed. This  h  far  from  being  a  complete  and  satisfactory  theory^ 
unless  the  projected  motion  happened  to  be  circular  ;  but  it  was  a  brief 
and  early  attempt. 

On    the  Electron'    Theory    of   the    MAGKEXiSATioK   ov   Light, 

Among  the  early  contributions  that  have  been  made  to  the  theory 
of  moving  charges,  few  are  more  remarkable  than  those  of  Dr, 
Johnstone  Stoney  in  connection  with  the  process  of  radiation,  long 
before  there  had  been  any  experimental  verification  of  tlie  separate 
existence  of  these  electrons,  or  of  the  fact  that  the  emission  of  light  from 
a  substance  is  due  to  their  motion.  Dr,  Stoney  had  treated  them  in  an 
astronomical  manner,  in  1891,  dealing  with  an  electron  moving  round  an 
atom  as  if  it  were  a  satelHte  moving  round  a  planet,  and  had  discussed 
the  various  perturbations  to  which  they  might  be  subject,  and  the  effect 
of  those  perturbations  on  the  spectrum  of  the  light  emitted. 

One  of  the  simplest  kinds  of  perturbation  is  what  is  called  a  progres- 
sion or  recession  of  the  apses,  being  a  slow  revolution  of  the  orbit  in 
its  own  plane.  Such  a  motion  was  shown  to  be  able  to  account  for  a 
donblet  in  the  spectrum  ;  for  of  the  two  component  vibrations  into 
which  the  motion  can  be  analysed,  one  has  been  made  more  rapid  and 
therefore  its  light  raised  in  refrangibility,  the  other  has  been  made 
slower  and  therefore  lowered  in  refrangibility. 

Anotlier  closely  allied  kind  of  perturbation,  analogous  to  precession  ^ 
of  the  equinoxes  in  the  case  of  the  earth,  would  result  in  a  hue  triplet  in 
Ihe  spectrum.  This  p recessional  motion  occurs  in  an  orbit  subject  to  any 
Dbtique  pull  or  deflecting  force.  Instead  of  yielding  directly  to  tliat  pull, 
its  effect  is  to  make  the  axis  describe  a  kind  of  cone,  the  kind  of  motion 
that  one  sees  in  an  inclined  spinning-lop  :  the  pull  of  gravity  on  a 
spinning* top  does  not  make  it  topple  over^  but  makes  it  precess.  So 
also  with  a  hoop  or  bicycle  when  not  vertical :  instead  of  tumblings  it 
turns  round  and  round  in  a  circuit  as  long  as  its  motion  continues ;  only 
falling  when  the  motion  ceases,  Hence  if  the  orbit  of  an  electron  were 
subjected  to  an  oblique  or  dcBccting  force,  the  eHect  nmo\M  be  wiV  Vo 
place  iV  directly  m  the  des/Ved  pomtion.  perpendicular  to  a  Wns:  ^i  lytc^ 
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but  to  cause  it  to  prcccss  ;  and  this  motion  might  be  analysed  into  tliree, 
the  acceleration  and  retardation  of  circular  orbit  above-mentioned,  which 
would  result  in  a  doubling  of  the  line,  and  a  third  component,  viz.  the 
one  parallel  to  the  axis,  which  would  be  unchanged,  and  would  there- 
fore represent  a  spectral  line  in  its  old  position,  the  centre  of  the  group 
of  three.  All  thi*  was  clearly  perceived  by  Larmor  and  Fitzgerald  in 
connection  with  Dr.  Zeeman's  discovery,  though  they  were  anticipated  by 
his  great  compatriot  the  eminent  physicist,  H.  A.  Lorentz  ;  to  whom  the 
most  complete  publication  of  tlie  theory  is  due,  being  in  several  respects 
anticipatory  of  the  experimental  results.  For  it  may  be  observed  that 
the  light  emitted  by  the  oscillation  components  above  spoken  of  will 
be  all  of  one  deiinite  kind,  due  to  vibrations  in  one  definite  direction  and 
therefore  polarised.  The  kind  of  polarisation  would  depend  on  the 
aspect  from  which  it  was  seen.  If  seen  at  right  angles  to  the  axis  of 
precession,  all  three  lines  should  be  plane  polarised,  the  middle  line  at 
right  angles  to  the  other  two.  If,  however,  it  be  looked  at  along  the 
axis  of  precession,  then  there  should  be  no  middle  line,  because  the  axial 
vibration  would  then  be  end  on ;  and  the  two  side  lines  should  be 
circularly  polarised. 

Directly  Zeeman  had  demonstrated  the  fact  that  a  magnetic  field  n^ 
applied  to  a  source  of  light  was  able  to  act  as  a  perceptible  perturbing! 
cause.  Professor  Lorentz  was  at  once  able  to  predict  the  whole  of' 
that  which  has  been  here  stated  about  the  tripling  of  the  line  seen  i 
sideways  to  the  lines  of  force,  and  the  doubling  of  the  line  seen  end-  i 
ways,  with  all  the  polarisations  as  just  stated  ;  because  the  lines  of  1 
magnetic  force  constitute  the  precessional  axis.  And  all  these  efifects  1 
were  shortly  afterwards  seen  by  Zeeman  and  others,  and  are  character- 
istic of  the  simplest  circular  orbit. 

At  first  sight  one  might  be  inclined  to  suppose  that  the  orbits  would  all 
face  round  and  set  themselves  normal  to  the  lines  of  force,  like  so  many 
circular  currents  ;  but  that  is  to  forget  the  inertia  of  the  travelling  elec- 
tron. It  is  manifest  that  since  a  revolving  electron  constitutes  a  circular 
current,  its  tendency  will  be  to.  set  itself  with  its  plane  normal  to  the 
lines  of  force  ;  but  since  by  hypothesis  the  revolving  electron  has  inertia, 
the  current  will  not  so  set  itself,  but  will  yield  to  the  deflecting  force 
in  an  indirect  manner  as  a  top  does ;  or  as  the  oblate  spinning  earth 
does — as  explained  by  Newton  in  the  Principia, — the  axis  of  rotation 
having  a  conical  motion  round  the  lines  of  force,  a  motion  which  is 
called  the  precession  of  the  equinoxes  in  the  case  of  the  earth,  and  the 
Zeeman  effect  in  the  case  of  a  radiating  atom. 

This  is  an  account  of  the  chief  part  of  the  Zeeman  effect,  and  may 
be  regarded  as  the  most  fundamental  kind  of  disturbance  caused  by  a 
magnetic  field  on  a  source  of  radiation.  But  there  may  be  other  minor 
disturbances,  just  as  in  the  case  of  the  earth,  whose  axis  is  not  only 
-  subject  to  precession,  but  also  to  nutation — a  nodding  movement  super- 
posed upon  the  main  motion.  It  is  also  quite  possible  for  the  middle 
line,  or  for  the  two  outer  lines,  or  indeed  for  all  three  lines,  to  be 
doubled  ;  thus  giving  rise  not  to  the  standard  triplet,  but  to  a  quartet  or 
a  guintet  or  even  a  sextet, — appearances  seen  and  photographed  for 
aome  lines  of  some  substances  by  Prestou. 
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Even  the  two  constituents   of  the  double   sodiuin    line    behave 
diferently  :   one  of  the  sodium  lines,   D„   which  had  appeared  only 
broadened  to  2eeman  at  firsts  reaily  becomes  a   sextet.     The   other 
sodium  or  D,  h'ne  becomes  a  quartet  ;  and  a  complete  study  of  the 
behaviour  under  magnetism  of  all  the  lines  and  groups  of  lines  given 
by  different  substances  must  result  in  a  great  extension  of  our  know- 
ledge in  many  directions  ;    in  fact  it  is  hardly  too  much  to  say  that 
the  discovery  of  iceman,  in  the  light  of  the  theory  of  Lorentz,  has 
doubled  the  power  of  spectrum  analj^is  to  throw  light  upon  the  pro*  n 
cesses  of  radiation  and  the  properties  of  atoms,  and   has  opened  up 
a  new  department,  as  it  were,  of  atomic  astronomy,  with  atoms  and  * 
dectrons  instead  of  pbnets  and  satellites. 


APPENDICES  TO    PART    IV. 


APPENDIX  F. 


Size  of  Orbit  of  Radiating  Electron. 

Consider  two  electrons  of  opposite  sign  revolving  round  each  other 
with  luminous  frequency  tt  at  any  distance  d  ;  or  better,  consider  a 
free  negative  electron  revolving  round  a  comparatively  llxed  equal 
positive  charge  attached  to  an  atom,  at  distance  d. 

The  force  between  them  is  (;''/K  J%  so  the  acceleration  is — 


3  a    3  a  f>* 

2ptC^  2d*' 


I 


But  the  acceleration  is  also  expressible  as  4  ir^ « ^  ^f.    Therefore — 


3  X  10-^^ 
go 


^6  X  lo-iV  = 


which  is  **  Kepler's  third  law  "  for  the  case,  and  indicates  that  the  distance 
at  which  luminous  frequency  is  attainable  is  the  atomic  distance 
10 ~^  centimetre  j  in  other  words,  that  the  electron  is  roaming  aver 
the  surface  of  the  atom.  If  it  got  nearer  to  the  centre  of  force  than 
this  it  would  have  to  revolve  quicker  *  and  such  rapid  oscillations  may 
be  excited  among  the  internal  paired  electrons  by  shocks  and  collisions, 
or  other  perturbation. 

The  most  important  aspect  of  the  above  calculation  is  that  it 
corresponds  with  the  hypothesis  that  the  whole  of  the  mass  of  an 
electron  is  electric,  and  none  of  it  material  or  unexplained  ;  for  it  shows 
that  a  pure  electron  is  able  to  revolve  at  distances  of  the  molecular 
order  with  luminous  frequency/  The  square  of  the  wave  length 
emitted  is  proportionate  to  the  cube  of  the  radius  vector  ;  provided  the 
plane  of  the  orbit  contains  the  centre  of  force.  Otherw^ise  there  may 
be  constrained  motion  of  smaller  amplitude,  analogous  to  that  of  a 
conical  pendulum. 


'  Sec  Lodge  in  Tfic  Eiectfidiju  for  March  1 2th,  1^97,  vo\.  :^%i  p.  0^ 
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APPENDIX  G. 
The  Radiating  Power  of  a  Steadily  Revolving  Electron. 

Consider  an  electron  revolving  as  above  (Appendix  F)  in  an  orbit 
of  atomic  dimensions  d  with  luminous  frequency  n  ;  and  calculate  its 
radiating  power. 

The  fundamental  expression  for  the  amount  of  energy  emitted  per 
second  as  waves  in  the  ether,  by  a  moving  charge  e,  was  given  by 
Larmor  in  Phil,  Mag,,  December,  1897,  page  512,  also  in  "  Ether  and 
Matter,"  page  227,  namely — 

?'*?-' «», 

where  //  is  acceleration,  and  where  fic'  may  be  taken  as  10-^  gramme- 
centimetre,  according  to  most  recent  measurements.  But  in  a  circular 
orbit  of  radius  d  the  acceleration  is — 

il  =:  fiwny  d  =  /{o(s  X  lo'M    10-^  =  io»3c.g.s. ; 

therefore  the  radiating  power  of  a  single  electron,  so  moving,  is — 

^'*  -  .  rf*(2?rnV  =  ^  ^  ^^  *°  X   10^  =  2  X  lo-s  ergs  per  second. 
3v  \        J  9  X  io»°  ^     ^ 

But  the  total  available  energy  possessed  by  the  revolving  electron  of 
linear  dimensions  a  is  only — 


M 


a  -xa    \  J 


namely  its  kinetic   energy  (for  of  course  it  cannot  radiate  away  or 
dissipate  its  electrostatic  energy),  and  this  amounts  to— 


10-^ 


3  X  10 


—  f  2  TT  X  5  X  10'*  X  io-®y  =  3  X  io-'3  ergs. 


its  velocity  being  3  x  lo^  centimetres  per  second,  or  one-thousandth  that 
of  light.  So  if  the  electron  were  isolated  from  any  supply  of  energy,  and 
if  it  could  maintain  the  pace,  it  would  at  this  rate  radiate  away  all  its 
kinetic  energy  in  10-^  of  a  second,  that  is  to  say  in  three  or  four 
million  revolutions.  This  may  seem  a  rapid  rate  of  cooling,  but  it  is 
not  surprising  for  an  isolated  atom  at  a  red  heat. 

We  may  express  the  ratio  of  the  radiating  power  of  a  single  electron 
to  its  total  luminous  energy,  by  the  fraction — 

1^  ^if y  =  1?  ^2  IT  «y  =  8  7r« «  ^  =  70  million  per  second. 

In  any  large  assemblage  of  atoms  the  radiation  is  not  free  and  unre- 

-ained^   nor  is  it  unmaintained,  like  this ;   but  it  must  always  be 

iderable  Bt  anything  like  luminous  ireqvietvc7,?Liid*\\.*\^^TQi^ortional 


i9oa.) 


LODGE  :  ON   ELECTRONS. 


87 


lo  the  fourth  power  of  the  frequency ♦  At  a  frequency  which  emits  a 
wave  ten  times  as  long  as  a.  luminous  wave  the  radiating  power  of  a 
revolving  electron  h  only  one  ten-thousandth  of  that  above  calculated, 
hut  even  so  it  is  significant  ;  it  must  be  remembered,  however,  that 
atl  substances  are  actually  engaged  in  radiating  encr^^  although  at 
ordinary  temperature  there  is  usually  absorption  enough  to  compensate 
the  loss. 

The  high  speed  of  a  revolving  electron  suggestSj  says  Larmor, 
that  it  is  apt  to  fly  away  tangentially  with  this  sort  of  velocity  when 
joggled  o0  by  any  means ;  consequently  be  might  attribute  the  high 
velocity  of  cathode  ray  particles  to  this  cause  rather  than  to  propulsion 
by  a  gradient  of  potential*  But  it  seems  to  me  more  likely  that  the 
orbital  velocity  is  utilised  only  by  those  electrons  which  are  flung  off 
spontaneously  from  certain  sut^stances  possessing  one  variety  of  radio- 
activity :  whereas  from  charged  surfaces,  possessing  a  real  propulsive 
force,  electrons  may  be  ejected  so  as  to  reach  a  speed  higher  than  that, 
approximating  more  closely  to  the  speed  of  light,  a  value  which  the 
rapid  increase  of  inertia  at  such  speeds  would  ensure  that  they  should 
never  actually  attain, 

APPENDIX   H, 

Faraday's  Prophetic  Nomexclature. 

Students  of  the  life  of  Faraday  will  remember  that  when  he 
discovered  the  rotation  of  the  plane  of  polarisation  by  a  magnetic  field 
applied  to  dense  bodie:^  in  which  light  travelled  along  the  lines  of  force, 
—wresting  the  secret  from  nature  by  strong  and  pertinacious  experi- 
mental rei^earch  that  would  not  be  denied,  though  the  time  was  as  yet 
by  no  means  ripe  for  comprehension  of  the  fact  when  it  was  discovered 
—he  labelled  his  discovery  in  a  fit  of  enthusiasm,  ^'  The  Magnetisation 
of  Light  and  the  llJnmi nation  of  Magnetic  Lines  of  Force  i "  a  label 
which  puzzled  contemporaries  for  a  long  time. 

It  is  difficult  to  see  what  meaning  he  can  have  attached  to  these 
phrases ;  and  for  many  years  afterwards  they  appeared  unsuitable 
misnomers,  indicating  a  foggy  conception  of  his  own  discovery. 

It  is  not  likely  that  his  state  of  mind  was  really  at  all  dear  on  the 
subject,  and  probably  he  would  at  a  later  stage  have  been  willing  to 
plead  guilty  to  a  less  than  lucid  mode  of  conceiving  the  phenomenon  ; 
wEiich  nevertheless  always  specially  pleased  him,  though  when  it  was 
reduced  to  a  mere  rotation  of  the  plane  of  polarisation,  it  seemed  to 
many  mathematicians  and  physicists  to  have  lost  its  unique  and  surpris- 
ing interest.  It  must  always  be  remembered,  however,  that  interest 
was  never  lost  by  either  Lord  Kelvin  or  Clerk  Maxwell,  and  that  it  was 
the  chief  fact  which  incited  Maxwell,  many  years  later,  to  begin 
developing  his  electro-magnetic  theory  of  light 

But  how  do  the  titles  strike  us  now  ?     Do  they  not  indicate  some 
extraordinary  unconscious  insight,  such  as  is  frequently  experienced  by 
a  great  discoverer  in  the  enthusiasm  of  discovery?     Remember  that 
I  the  Hall  efifect,  the  Zeeman  effect,  the  Aurora  BoreaUs,  and  ^^vt^Ld^N;'^ 
rotation  art?  alJ  closely  connectedj  by  jiieans  of  the  electroti  Iheciv'^. 
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/  In  the  cathode  ray  tube  the  flying  electrons  arc  deflected  by  a  cross 

'      magnetic  field ;  or  if  they  fly  along  the  lines  they  are  twisted  into  a 
spiral  path  round  them.     In  the  Aurora  Borealis  this  effect  is  carried 
out  in  the  upper  region  of  the  air  on  a  gigantic  scale,  and  the  earth's 
.  magnetic  "  lines  of  force  are  illuminated  "  by  flying  electrons  from  the 
;  sun  entangled  and  guided   by  them.     In  the   Hall  effect  this   same 
i  influence  is  felt  by  the  slowly  moving  crowd  of  electrons  as  they  are 
handed   on  from  one  atom  to  the  next,  causing  a  curvature  of  the 
current   path,  in  which  either  positive  or  negative  may  predominate. 
In   the  Zeeman   effect    the  same  cause    operates  on    the  revolving 
and  vibrating  electrons  associated  with  a  radiating  atom  and   con- 
stituting a  source  of  liglit ;  wherefore  we  may  truly  say  that  the  "  light 
is  magnetised,"  for  the  source  of  light  is  magnetised  directly,  and  the 
effect  is  impressed  on  and  retained  by  the  light  emitted,  and  is  made 
visible  by  spectrum  analysis. 
M  The  first  intimation  of  that  magnetic  influence  on  light  which  lies 

at  the  base  of  all  these  at  first  sight  apparently  diverse  phenomena  was 
detected  by  Faraday  in  his  slight  differential  rotation  of  the  plane  of 
polarisation  in  one  direction  or  the  other  by  a  magnet,  according  as  the 
positive  or  the  negative  electrons  in  the  dense  substance  were  most 
affected. 

Hence  the  title  which  he  affixed  to  his  discovery:  " The illuminationjf 
of  the  lines  of  magnetic  force  and  the  magnetisation  of  light,"  may  be  I 
regarded  as  a  prophetic  flash  of  genius. 

A  not  altogether  dissimilar  flash  has  already  been  referred  to,  when 
Crookes  hinted  prematurely  that  in  the  cathode  rays  we  had  something 
like  corpuscular  light,  and  also  like  matter  in  a  fourth  state,  neither  solid, 
liquid,  nor  gaseous.  For,  whether  quite  right  or  not,  he  was  far  more 
right  than  the  critics  of  those  days  who  presumed  to  deride  him. 


PART  V. 

Dktkrmixatiox  of  the  Mass  of  an  Electron. 

So  far,  all  the  measurements  quoted  have  resulted  in  a  consensus  of 
certainty  respecting  our  knowledge  of  t'/w  for  gaseous  conduction  and 
radiation ;  and  the  measurements  made  on  the  cathode  rays  in  a 
Crookes's  tube,  or  near  a  plate  leaking  in  ultra-violet  light,  have  likewise 
given  us  a  knowledge  of  their  velocity,  and  shown  that  it  is  about  one- 
thirtieth  of  the  velocity  of  light,  more  or  less  according  to  circumstances. 
But  so  far  no  direct  estimate  has  been  made  of  either  ^  or  m  separately. 
The  difficulty  of  making  these  measurements  is  great,  because  we  are 
dealing  with  an  aggregate  of  an  enormous  and  unknown  number  of 
these  bodies.  It  would  not  be  difficult  to  make  a  determination  of  the 
aggregate  mass  of  a  set  of  projectiles,  say  N  w,  where  N  is  the  number 
falliJigon  a  target  in  a  given  time,  by  means  of  the  heat  which  the  blow 
generates ;  or  better,  perhaps,  by  the  momentum  which  they  would 
impart  to  a  moving  arm  after  the  fashion  of  a  ballistic  pendulum  ; 
provided  their  velocity  u  were  kuovjw  ;!is  \tv  VVvy^  casfc  \1  U,     The 
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aggregate  energy,  j  N  m  w^  or  the  aggregate  momentum,  N  m  w,  could 
thus  be  found  ;  but  how  is  m  to  be  separated  from  N  ? 

Again,  if  the  particles  are  collected  in  a  hollow  vessel  attached  to  an 
electrometer  of  known  capacity,  it  is  not  di  flic  alt  to  esttmatc  the  total 
quantity  of  electricity  which  enters  the  vessel  in  a  given  time,  that  is  to 
say,  to  determine  N  ^ ;  but,  again,  how  are  we  to  disciiminate  e  from  N  ? 

We  may  consider  the  following  quantitiei^i  experimentally  deter- 
mined, by  researches  carried  on  at  the  Cavendish  laboratory  aud 
elsewhere  and  so  far  already  described  or  indicated  :  — 

_ elm 

u 

Not 

See  above,  Part  IIL,  for  measurements  of  these  quantities  for  the  case  of 
cathode  rays/ 

Another  thing  that  is  comparatively  easy  to  determine^  especially  in 
such  cases  as  leak  from  a  negative  surface  under  the  action  of  ultra- 
violet light,  or  the  condiictivity  of  air  induced  by  the  impact  of 
Hontgen  rays,  is  the  total  current  transmitted ;  viz.  the  qtianttty  N  v  ti 
the  quantity  of  electricity  con%'eyed  per  second.  Measurements  of  this 
quantity  have  been  made  not  only  by  Lenard  =*  and  Right  *  and 
Thomson,^  but  in  various  gases  by  Rutherford, ^  now  Professor  at 
Montreal ;  by  Beat  tie  ^  and  de  Sjuolan  at  Glasgow,  by  Zcleny  ^  of 
Minnesota,  by  McClelland*  on  hot  gases  from  Hanies,  and  by 
McLennan^  of  Toronto. 

Professor  2ieleny  in  particular  measured  the  velocity  by  a  safe  and 
direct  method  of  making  the  particles  fly  against  a  wind  down  a  tube, 
and  observing  the  rate  of  the  current  of  air  which  was  just  able  to  with- 
stand  their  progress :  these  measurements  constituting  a  satisfactory 
confirmation  of  Thomson's  and  Rutherford's  more  indirectly  inferred 
results. 

If  only  it  were  now  possible  to  count  the  corpuscles  or  eiectrous,  to 
determine  the  number  N  which  are  started  into  existence,  or  which 
enter  the  hollow  vessel,  or  which  take  part  in  conveying  the  current  in 
the  case  of  a  leak  by  ultra-violet  light,  we  should  no  longer  have  to 
llu^ss  at  the  actual  value  of  c  and  of  m  separately,  but  shotild  have 
reiiUy  determined  thcra. 

This  lirillianl  research  has  actually  t>een  carried  out  by  Professor  J, 
J.  Thomson,  by  means  of  a  method  partly  due  to  Mr.  C*  T.  R.  Wilson, 
supplementing  a  fact  discovered  by  Mr,  Aitken,  and  interpreted  in  the 
Eijl^ht  of  a  hydrodynamic  theorem  arrived  at  long  ago  by  Sir  George 
Slakes. 

1  must  be  excused  for  waxing  somewhat  enthusiastic  over  this 
mtter :   it   seems  to  me  one  of  the   most  brilliant  things  that  has 


•  J.  J.  Thomson.  PhiL  Mag.,  October,  1897, 
'Wttd. 


.  A  tiff.,  vol.  63,  p,  253. 
'  ^tfid.  deUa  R.  Accad,  da  Liircei,  May,  1896. 

*  Phii,  Mug.,  Novemher,  i8g6.        ^  Ibid.,  November,  1896,  and  April,  1897. 
*'  lhid,.)»ne,  1897.  '  I  hid,,  July  1*198,  ^  Hnd.,^\v\^,\^*, 

"  Ph/l  7hfm.,  vol  igj,  p.  49,  l^gg. 
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recently  been  done  in  experimental  physics.  Indeed  I  should  not 
take  much  urging  to  cancel  the  "  recently  "  from  this  sentence ;  save 
that  it  is  never  safe  for  a  contemporary  to  usurp  the  function  of  a 
future  historian  of  science,  who  can  regard  matters  from  a  proper 
perspective. 

The  matter  is  rather  long  to  explain  from  the  beginning,  and  I 
must  take  it  in  sections. 

Aitkcn  and  Cloud  Nuclei, 

First  of  all,  Mr.  John  Aitken,'  of  Edinburgh,  discovered  in  1880 
that  cloud  or  mist  globules  could  not  form  without  solid  nuclei,  so  that 
in  perfectly  clear  and  dust-free  air  aqueous  vapour  did  not  condense, 
and  mist  did  not  form.  (See,  for  instance,  my  lecture  to  the  British 
Association  at  Montreal,  in  1884,  on  "  Dust " — Nature,  vol.  31,  p.  268.) 

Without  solid  surfaces,  in  clear  space,  vapours  could  become 
'/supersaturated ;  but  the  introduction  of  a  nucleus  would  immediately 
start  condensation,  and  according  to  the  number  of  nuclei,  or  con- 
I  densation  centres,  so  will  be  the  number  of  cloud  globules  formed. 

Every  cloud  or  mist  globule  is  essentially  a  minute  raindrop,  not 
floating  in  the  least,  but  falling  through  the  air — ^falling  slowly  because 
it  is  of  such  insignificant  weight  and  is  moving  in.  a  resisting  medium — 
but  falling  always  relatively  to  the  air.  A  cloud  may  readily  be  carried 
up  by  a  current  of  air,  but  that  is  only  because  the  air  is  moving  up 
faster  than  the  drops  are  trickling  down  through  it.  No  motion  of  the 
air  disturbs  the  relative  falling  motion  :  the  absolute  motion  with 
reference  to  the  earth's  surface  is  the  resultant  of  the  two. 

The  fact  that  nuclei  are  required  for  mist  precipitation  can  be 
proved  by  filtering  them  out  with  cotton  wool,  and  finding  that  as  the 
nuclei  get  fewer  the  mist  condensation  differs  in  character,  becoming 
ultimately  what  is  called  a  Scotch  mist,  such  as  forms  in  fairly  clean 
air  ;  where  since  the  dust  particles  are  comparatively  few,  the  centres 
of  condensation  arc  few  also,  and  accordingly  each  has  to  condense  a 
considerable  amount,  so  that  the  drops  are  bigger,  and  not  nearly  so  close 
together  ;  wherefore  they  fall  quicker  like  very  fine  rain.  In  perfectly 
clean  elaborately-filtered  air  the  dew  point  may  be  passed  without  any 
vapour  condensing,  and  the  space  will  remain  quite  transparent  in  spite 
of  its  being  supersaturated  with  vapour. 

The  reason  for  this  effect  of,  and  necessity  for,  nuclei,  is  well-known 
in  the  light  of  Lord  Kelvin's  theory  concerning  the  effect  of  curvature 
on  surface  tension,^'  because  the  more  a  liquid  surface  is  curved  the 
more  it  tends  to  evaporate,  and  an  infinitely  convex  surface  would 
immediately  flash  off  into  vapour.  Consequently  an  infinitesimal  globule 
of  liquid  cannot  exist ;  vapour  can  only  condense  on  a  surface  of  finite 
curvature,  such  as  is  afforded  by  a  dust  particle  or  other  body  consist- 
ing of  a  large  aggregate  of  atoms.  For  it  must  be  remembered  that  a 
single  grain  of  lycopodium  powder  contains  about  a  trillion  atoms,  and 
a  dust  particle  big  enough  to  condense  vapour  need  not  consist  of 

'  Trans.  R.S.  Edin.,  1880. 
'  See,  for  instance^  Maxwell's  Theory  of  Heat^  i^\  ed^VxQtv,  ^.  aqo. 
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more  than  a  billion,  or  perhaps  not  more  than  a  million,  atoms,  and 
need  by  no  means  be  big  enough  to  be  visible.  It  is,  iiowever,  material 
enough  to  be  stopped  by  a  properly  packed  cotton -wool  tUter. 

J.  y.  Thomson  and  Ehxtrical  Nuclei. 

In  1^88  it  was  show^n  by  J.  J.  Thomson »  in  bis  book  Applkations 
of  Dynamki:  io  Physics  and  Chcmisir\\  p*  164,  that  electrification  of  a 
body  would  partiaUy  neutralise  the  effect  of  curvature,  and  so  assist 
the  condensation  of  vapour  on  a  convex  surface* 

Consider  a  drop  of  liquid,  or  a  soap  bubble  \  the  effect  of  the 
convexity  of  the  surface  is  to  give  a  radial  component  of  surface  tension 
inwards,  causing  an  increased  pressure  internally*  The  effect  of 
dectrifi cation  is  just  the  opposite  :  it  causes  a  direct  pressure  out- 
wards,  which  goes  by  the  name  of  ihe^  electric  tension. 

The  way  these  depend  on  size  is  as  follows  : — 

The  radial   pressure  component  of   the  surface  tension  T  is 

o-  T 

«  — ^  inwards* 

r 

The  electric  pressure  or  tension  is  * 


27rKff^  = 


t^ 


WVKr^  ontwards. 


They  are  difiFerently  affected,  therefore,  by  the  sissc  of  the  globule  \ 
hence  at  some  size  or  other  they  must  balance,  and  such  an  electrified 
convex  surface  will  bjehave  as  if  it  were  un electrified  but  flat.  Accord- 
ingly vapotir  wiiich  w*ould  refuse  to  condense  on  an  ordinary  convex 
surface,  uniil  far  below  the  dew  point,  will  begin  to  condense  on  it,  if 
sufldcicntly  electrified,  the  instant  the  dew  point  is  reached. 

The  critical  size  at  which  the  ionic  charge  enal>les  a  sphere  of  water 
to  act  as  regards  condensation  as  if  it  were  ilat^  can  be  reckoned  by 
equating  the  pressure  to  the  tension,  thus  ; — 


r 


or      r^  :^ 


16  IT  K  r        50  X  Ho        4 


whence  r  —  ro^  approximately,  or  is  of  atomic  magnitude* 

Hence  ions  can  condense  vapour ;    and  anything  smaller  w^hich 
possesses  the  same  charge  can  condense  it  still  more  easily, 

In  moist   air^   therefore,  it   would    appear   (parenthetically)  as  if 
electrons  could  hardly  exist  isolated,  but  must  be  associated  With  at 
I  tet  an  atomic  mass  of  matter* 

Accordingly  an  electric  charge  assists  vapour  to  condense ;  and  a 
I  sufficient  electric  charge  might  cause  it  to  condense  OTV  c\mle  ^  ^iwaXV 
[ body— as  S7n*i7/  even  as  Mn  afonij  or  smaller.     Hence  m  Vhe  pic^ewc^e. 
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of  electrified  ions  or  electrons,  dust  particles  are  not  necessary  for 
condensation.  Vapour  may  condense  on  these  electrical  nuclei  without 
the  need  for  solids  of  finite  curvature.  The  electrical  nuclei  cannot  be 
filtered  out  by  cotton  wool  :  they  will  exist  or  can  be  produced  in  dust- 
free  air.  No  doubt  if  they  are  passed  through  a  great  amount  of  metal 
gauze  they  may  be  diminished  in  number,  but  they  are  not  easy  to  get 
rid  of  except  by  their  own  diffusion,  which  does  ultimately  enable  them 
to  pair  off  or  to  migrate  to  the  sides  of  the  vessel.  They  can  be  got 
rid  of,  most  easily,  however,  by  electrolysing  the  air,  that  is  to  say  by 
supplying  electrodes  maintained  at  a  few  volts  difference  of  potential. 
They  will  then  immediately  make  a  procession,  as  in  electrolysis,  only 
with  much  greater  speed,  because  their  motion  is  much  less  resisted 
or  interfered  with  by  chance  collisions ;  so  they  will  soon  reach  and  cling 
to  their  respective  electrodes,  and  in  that  case  again  no  true  mist  can 
form. 

While  ions  or  electrons  are  present  in  considerable  numbers  a  thick 
mist  will  form  whenever  the  space  is  saturated  with  vapour,  but  it  will 
be  a  mist  of  different  appearance  from  the  slight  rain-like  condensation 
which  may  be  seen  forming  round  the  few  residual  dust  particles.  The 
mist  globules  will  usually  be  of  uniform  size,  and  some  estimate  of  that 
size  can  be  roughly  attempted  by  the  diffraction  colours  which  can  be 
seen  if  a  point  of  light  is  looked  at  through  the  mist :  not,  however, 
a  very  easy  plan  of  making  a  trustworthy  estimate.' 

Electrical  nuclei  can  be  produced  in  various  ways — by  anything,  in 
fact,  which  dissociates  the  air  or  which  fills  it  with  ions.  Some  are 
produced  by  the  splashing  and  spray  of  water,  some  are'given  off  from 
flames,  and  from  red-hot  bodies,  they  are  produced  in  considerable 
numbers  when  Rontgen  rays  travel  through  air,  they  can  be  given  off 
by  radio-active  substances  like  uranium,  and  they  are  easily  emitted  by 
a  negatively  charged  metallic  surface  exposed  to  ultra-violet  light. 

Wilson  and  Metrical  Cloud  Condensation. 

Mr.  C.  T.  R.  Wilson,'  in  his  study  at  the  Cavendish  Laboratory  of 
cloud  formation  under  the  influence  of  Rontgen  rays  and  by  other 
methods,  devised  a  plan  for  precipitating  a  definite  and  known  quantity 
of  aqueous  vapour  in  a  visible  form.  This  was  done  by  an  arrange- 
ment for  making  a  sudden  or  adiabatic  expansion  of  saturated  air,  and 
making  it  to  a  carefully  measured  amount.  The  apparatus  employed 
is  shown  in  Figure  3. 

One  test-tube  moving  inside  another  is  employed  as  a  piston,  and 
by  a  certain  arrangement  the  piston  was  enabled  to  drop  with  great 
suddenness  and  thus  to  produce  a  measured  small  exhaustion  in  the 
reservoir  containing  the  gas  under  experiment ;  saturated  as  it  is  with 
vapour,  and  supplied  with  electric  nuclei.  The  mist  at  once  formed, 
and  the  drops  began  to  fall  slowly,  as  usual.  Mr.  Wilson  tried  to  get 
an  estimate  of  their  size  from  the  colours,  but  it  was  difficult  and 
unsatisfactory.     If  the  size  had  been  known,  their  number  would  have 

'  See  C.  T.  R.  Wilson,  Phil.  Traus.,  1897,  A,  vol.  189,  p.  283. 
*  P/t/I.  Trans.,  A,  1897,  vol.  1*9,  p.  2^^ 
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CO  known   too,  because  the  measured  amount  of  expansion  had 
rfxiuced  a  known  fall  of  lempcrature  below  the  dew  point,  and  so 

had  condensed  a  known  amount  of  aqueous  vapour,  which  would  be 
distributed  equally  among  all  the  equal  globules* 

It  occurred  to  J,  J,  Thomson  that  a  better  estimate  of  size  could  be 
made  by  observing  their  rate  of  falHtig,  which  is  a  thing  not  dillkult 
to  obiierve  since  they  all  fatJ  together,  being  all  of  the  same  size.  In 
any  mis>t  formed  in  a  beil-jar  it  is  easy  to  w^tch  it  sellUng  down,  l>y 
w^itching  its  fairly  deliniie  upper  surface*  a  clear  space  being  left 
above  it  which  gradually  increases  in  thickness  as  the  cloud  falls.     The 


TbEiSu^th. 


To 


Fig.  3,— A  is  the  ve^el  in  which  the  Ur^  is  formed  whose  r^Ue  of  fall  is  to  be 
measured  by  Mr.  Wilson*s  methtxl  as  used  hy  him  for  the  ionization  pru- 
<luced  by  X-raj^s.  The  vessel  At  containing  sumu  watert  if^  in  communica- 
tion with  A  vessel  C  Lhroui^h  the  lube  B.  hiside  C  is  a  thiti-waUed  test-tube 
P»  U'hieh  serves  as  :i  piston.  D  is  an  indiaruhber  stopper  closiujuj  tht  end  of 
tube  C*  A  gla^s  tube  connects  the  iuside  of  Ihe  test-tube  F  with  a  space  K. 
Ttiis  space  may  be  put  in  connccUnn  with  ai)  cxhauHted  space  F  through 
the  tube  H.  The  cud  of  the  tube  H^  inside  the  sp;ice  E,  is  ground  Hal, 
and  ij>  clfjsed  by  an  iudiarubbcr  stopper  t,  which  is  kept  presided  against 
I  he  tulie  H  by  m  earns  of  a  spiral  spring.  The  stopper  I  Is  bxed  to  a  rod 
K  ;  by  pulling  the  rod  down  smartly  the  piesi^^J'tJ  i^^^it!*^  the  lest- tube  is 
lowered,  and  Ihe  piston  P  falls  rapidly  until  it  strikes  against  the  india- 
rubber  istopperU.  The  falling  iff  the  piston  causes  the  gas  hr  A  to  expand  i 
the  tubes  R  and  S  are  for  the  purpose  of  regulating  tlie  initial  jiressure* 
Befure  an  expansion  the  Hston  P  is  reused  by  a  trifling  amount  of  air 
iniroduced  through  T,  ;uid  the  clip  S  is  closed^  Then,  when  everything 
is  ready,  K  is  pnUed^  it  mi  the  cloud  forms  in  A, 
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uitc  of  inovcinciit  of  the  top  of  the  cloud  will  give  the  rate  of  falling 
of  the  iiidivicliia!  globulus  of  which  it  is  composed.  And  this  brings  us 
to  the  next  section. 

Prof.  Sioki's  ami  Fulling  Spheres, 

Many  years  ago,  in  1849,  Sir  George  (i.  Stokes'  discussed  the 
motion  of  solids  through  lluids,  and  among  others  of  a  sphere  moving 
througli  a  vi.scous  fluid  urged  by  its  own  weight.      It  is   a  familiar 

fact  that  large  bodies  fall  through 
air  or  water  or  any  resisting 
medium  more  quickly  than  small 
ones  of  the  same  shape.  Thus 
coarse  sand  settles  down  through 
water  quicker  than  fine  sand^and 
tlie  finest  powder  takes  a  very  long 
time  to  settle ;  in  fact  this  differ- 
ence of  the  rate  of  falling  is  used 
as  a  practical  process  of  separating 
granular  materials  into  sizes,  and 
is  allied  levigation. 

So  it  is  in  air  :  large  raindrops 
fall  violently,  small  raindrops  fall 
gently,  and  mist  globules  hardly 
fall  at  all — fall  so  slowly  that  their 
motion  is  difficult  to  observe, — 
but  the  same  law  governs  all  so  long 
as  the  motion  is  not  too  violent,  or 
so  long  as  the  falling  body  has  no 
edges  such  as  will  cause  eddies 
during  the  fall.  A  sphere  falling 
slowly,  controlled  by  viscosity 
alone  without  waves  or  eddies,  is 
the  simplest  case.  It  soon  reaches 
what  is  called  a  terminal  velocity— 
the  speed  at  which  the  viscous  re- 
sistance exactly  balances  its  weight. 
At  this  speed  it  is  subject  to  zero  resultant  force,  so  it  simply  obeys 
the  first  law  of  motion  and  moves  at  a  constant  speed."  This 
constant  speed  or  terminal  velocity  was  calculated  by  Sir  George 
Stokes  for  the  case  of  a  falling  raindrop  of  radius  r  as  follows : — 


Vm.  4.— This  li;;ure  corresponds 
closely  with  Kig.  2,  Part  III.,  only 
that  a  layer  of  water  replaces  tlie 
wire  gau/e.  The  vessel  was 
attached  to  the  expansion  apparatus 


^       9  viscosity  of  air' 

where  p  is  the  excess  density  of  the  sphere  over  the  medium  it  moves 
in ;  provided  there  is  no  finite  slip  at  the  surface.  The  maximum 
possible  effect  of  surface  slip — which  will  occur  to  some  extent  when 
the  falling  globules  are  very  minute — is  to  make  the  possible  terminal 

'  Canib.  l^aits.  Phil.  Soc.  ix.  48. 
«  Cf.  Sattirc^  vo\.  31,  p.  2(36. 
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velocity  half  as  great  again  :  in  other  words,  lo  convert  the  numerical 

coefficient   ^  into  —  , 
9  3 

This  simple  formula  gives  the  connection  between  the  rale  of  fall 
of  a  raindrop  and  its  size  [  and  by  obser%'at!on  of  this  speed,  therefore^ 
knowing  the  viscosity  of  air,  it  is  possible  to  calculate  Ihe  dimensions 
of  the  failing  drops. 


^ 


f,  f,  Thomson's  Experiment  of  Connting, 


We  have  now  all  the  materials  ready  for  understandiivg  the  experi- 
ment to  be  performed/  so  as  to  count  the  ions  which  are  produced  in 
air  under  the  impact  of  RonLgen  rays,  or  when  there  are  electrons  to 
be  counted  which  have  been  produced  from  a  negatively  electrified 
surface  illuminated  with  ultra-violet  lights  The  apparatus  for  the  latter 
is  depicted  in  Figure  4,  A  clean  s^inc  surface  in  vacuo,  faced  by  a 
piece  of  wire  gauze  through  which  the  light  could  shine  on  it,  and  by 
a  window  of  quartz  w*hich  makes  the  vessel  airtight,  so  that  it  might 
be  exhausted  and  yet  allow  the  ultra-violet  light  to  pai>s,  was  employed 
as  shown  in  Fig.  2  above  :  the  present  arrangement  is  similar  except 
that  a  ivater  sin'face  replaces  the  gauze. 

The  rate  of  leak  which  gives  the  current  Nnu  is  determined  by 
connecting  the  water  and  the  zinc  plate  to  the  terminals  of  an  electro- 
meter ]  the  zinc  plate  being  kept  negative  by  means  of  a  battery  of 
a  sufficient  number  of  cells* 

And  noW|  supplying  this  apparatus  with  the  adiabatic  expansion 
apphances  of  C.  T.  R.  Wilson  shown  in  Fig.  3  above,  metrical  condensa- 
tion can  be  producedi  a  mist  will  form,  and  the  rate  of  its  fall  can  be 
observed  ;  whence  by  Stokes's  theorem  the  size  of  each  globule  is 
known  ;  the  quantity  of  ivater  which  had  gone  to  form  globules  is 
known  from  the  measured  amount  of  expansion^  by  a  process  the 
details  of  which  1  will  not  give  here  ;  and  so  the  number  of  such 
globules,  and  therefore  the  number  of  their  condensation-centres  or 
nuclei  or  ions,  can  be  determined. 

If  c  is  the  observed  rate  of  ftiil  in  stagnant  air,  the  linear  dimensions 
of  the  falling  drops  will  be 

lo  a  given  case  c  w^as  observed  to  be  o"i4  centimetres  per  second  j 
titiice  the  volume  of  each  drop  was  in  that  case 


A  jT  r^si  1-6  X  10- 
3 


'c.c. 


aad  so  if  the  aggregate  amount,  of  water  Ln  all  the  drops  in  a  given 
space  is  reckoned  from  the  measured  amount  of  adiabatic  expansion 
which  caused  the  chili  and  the  precipitation,  tlie  drops  can  be 
counted. 

A  great  many  precautions  must  be  taken,  because  there  will  be. 


'  /"Ar/A  Mag,,  Decewbt^r,  iSg»,  and  December,  iBgtj, 
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where  X  is  the  "  mean  free  path,"  or  average  distance  travelled  by  any 
one  particle  without  a  collision  with  another,  and  a  the  number  of 
encounters  while  travelling  unit  distance.  But  in  saying  thi3  we  are 
ignoring  the  forces  between  the  particles,  and  are  not  considering  a 
swing  round  as  a  collision. 

So,  as  regards  order  of  magnitude — 

with  a  factor  J  or  ^2  omitted  which  a  completer  theory  would  give  ; 

where  </3  is  the  cubic  space  allotted  to  each  particle,  while  4  ir  f  -  j   is  the 

actual  bulk  of  each. 

Therefore  ^'  = totaUpace_occupjed ^ 

a        eight  times  the  aggregate  volume  of  the  particles 

a  statement  sometimes  quoted  as  Loschmidt's  theorem. 

Hence  the  mean  free  path  can  be  determined  by  considering  how 
much  space  the  substance  of  all  the  electrons  in  an  atom  occupies,  as 
compared  with  all  the  space  which  the  atom  occupies  itself.  In  other 
words,  we  have  to  consider  what  the  size  io~'3  for  an  electron's 
diameter  means,  as  compared  with  the  size  io~®  for  an  atom's  diameter. 
In  the  solar  system  the  diameter  of  the  earth  is  T^rixTOth  part  of  the 
diameter  of  its  orbit  round  the  sun.  Consequently  if  the  earth  repre- 
sented an  electron,  an  atom  would  occupy  a  sphere  with  the  sun  as 
centre  and  five  times  the  distance  of  the  earth  as  radius. 

In  other  words,  if  an  average  atom  is  composed  of  electrons,  they 
are  about  as  far  apart  in  that  atom  in  proportion  to  their  size  as  the 
planets  in  the  solar  system  arc  in  proportion  to  their  size.  ( -k 

In  an  atom  of  hydrogen  there  are  roughly  i,ooo,  or  say  more  exactly,' 
700  electrons  in  order  to  make  up  the  proper  mass. 

In  an  atom  of  sodium,  which  is  twenty-three  times  as  heavy,  there, 
must  be  about  15,000  electrons.  • 

And  in  an  atom  of  mercury  there  must  be  over  100,000  electrons. 

Consider  then  an   atom  of  mercury  containing   100,000  of  these 
bodies  packed  in  a  sphere   io~*  centimetre  in  diameter.    One  would 
think  at  first  they  must  be  crowded  ;  but  there  is  plenty  of  room.    Each  /^ 
electron  is  only  io-*3  centimetre  across,  and  there  are  only  about  fifty  I 
of  them  in  a  row  along  any  diameter  of  the  atom ;  hence  the  empty/ 
space  inside  the  atom  is  enormously  greater  than  the  filled  spaces. 
At  least  a  thousand  times  greater  in  linear  dimension,  or  a  thousand 
million  times  greater  in  bulk. 

The  whole  volume  of  the  atom  is  10-^  c.c,  the  aggregate  volume 
of  all  the  electrons  composing  the  atom  is  los  x  io~39  ==  io~3*  c.c, 
consequently  the  space  left  empty  is  io'°  or  ten  thousand  million  times 
the  filled  space. 

Even  inside  an  atom  of  mercury,  therefore,  the  amount  of  crowding 
is  fairly  analogous  to  that  of  the  planets  in  the  solar  system.  For 
though  the  outer  planets  are  spaced  further  apart  than  the  inner  ones, 
they  are  also  bigger,  to  practically  a  compensating  extent. 
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Now^  going  back  to  what  is  sometimes  c;Uled  Loschmidt's  theorem 
b  the  kinetic  theory  of  gases,  obtained  roughly  above- 


mean  free  path 
i  diameter  of  particle 


volnme  of  space  available  to  particles 


combined  volume  of  all  their  substancu 


we  have  reckoned  the  latter  fraction,  in  the  inside  of  an  atom  of 
mcrcoryj  as — 


IT    X 


(■<-)■ 


lo-^ 


IOO|O0O  X  *  TT 


(xo-)^ 


105  X   IO-» 


^^03 

^■tra 


Hence  the  mean  free  path  of  an  electron  inside  an  atom  of  mercury 
will  he  comparable  to  lo^  times  tiie  size  of  an  electron,  i.e^  it  will  be 
1 10"^  centimetre  i  that  is,  it  may  get  through  on  the  average  the  substance 
of  some  iO|000  mercury  atoms  in  a  row  without  cotlision. 

In  any  other  less  dense  substance  it  will  go  furthen  The  actual 
dhiancc  thus  travelled  by  corpuscles  plunging  into  a  dense  metal  is 
very  small,  only  the  thousandth  part  of  a  millimetre  on  the  average, 
and  it  need  by  no  means  necessarily  be  a  straight  line  ;  so  a  target  of 
platinum  succeeds  in  stopping  them  fairly  near  its  surface*  and 
enables  the  X-rays  generated  by  the  shock  fairly  to  emerge.  Some 
porpuscJes  will  be  stopped  more  suddenly  than  this*  and  some  will 
ravel  further^  but  lo^*  centimetre  is  about  the  average  distance 
ravelled  in  a  solid  as  dense  as  platinum. 

This  distance,  however,  gives  no  notion  of  the  value  of  Uie  negative 
acceleration  during  a  coULsion,  because  the  greater  part  of  the 
thousandth  of  a  millimetre  is  free  flight ;  the  stoppage  occurs  only 
as  the  Jast  episode  of  that  flight,  vi^.  at  the  instant  of  collision.  The  i 
colliding  masses  are  100,000  to  i,  so  the  change  of  velocity  at  impact 
could  be  estimated  ;  hut  the  impact  will  really  be  more  of  an  astronomical 
or  cometary  character,  and  the  effect  is  analogous  to  the  entrapping  of 
comets  when  they  pass  near  a  planet,  thereby  rendering  them  per* 
^Hinanent  members  of  the  solar  system. 

^B  The  ordinary  behaviour  of  a  foreign  comet,  which  comes  and  goes, 
^Knay  l>e  called  a  collision  with,  and  rebound  from,  the  sun  ;  for  although 
^pthere  is  no  real  encounter  of  main  substance,  that  is  what  it  would 
'  appear  like  if  it  could  be  seen  from  the  depths  of  space  ;  and  the  two 
branches  of  the  comet's  hyperbolic  orbit  would  look  hke  straight  lines 
of  approach  and  recession. 

Comets  which  happen  to  pass  very  near  a  planet,  however,  are  j , 
deflected,  swirled  round,  and  often  virtually  caught  by  that  planet, 
receding  only  with  an  insignificant  differential  velocity  w*hich  is  unable 
to  carry  them  away  from  tlie  attraction  of  the  sun :  into  which  they 
often  drop.  Or  if  they  do  not  actually  drop  into  it^  they  wiU  continue 
to  revolve  round  it  in  an  elliptic  orbit,  becoming  a  member  of  the 
soiar  system,  and  liable  ultimately  to  be  degraded  into  a  swarm  of 
meteors. 

This  is  the  sort  of  process  known   to  occur  m  astroiaom'^^  ^w4 
circum stances  not  unlike  th^t  may  attend  the  encounter  ot  a^if^a.i<ml 
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collision  of  a  furiously-flying  comet-like  electron  with  part  of  the 
massive  system  of  an  atom. 

The  stoppage,  therefore,  will  occur  well  within  the  limits  of  atomic 
magnitude,  lo  ^  centimetre  ;  and  so  the  acceleration  will  be  of  the  order 

=  10*^  c.g.s.,  and  the  force  needed  thus  to  stop  even  a  single  electron 

will  be  the  tenth  of  a  dyne. 

No  wonder  that  violent  radiation-effects  are  produced.  The 
'*  power  "  required  to  stop  an  electron,  flying  with  one-thirtieth  of  the 
speed  of  light,  inside  a  molecular  thickness,  can  be  estimated  thus— 

energy -7- time  =     mu^  .  -- ==  io-»7  fio»]   lo'  =  lo' ergs  per  second; 

or  thus — 

F  /  -^  /  =  ^  F  «  =  IO-'  X  io9  =  lo^   again, 

which  is  equivalent  to  ten  watts.    (Though  the  time  it  lasts  is  only  the 
lo"''  part  of  a  second.) 

But  only  a  small  fraction  of  this  goes  into  radiation.  The  radiating 
power  can  be  estimated  thus,  from  Larmor's  expression  for  it,  as  given 
in  Appendix  G,  Part  IV. — 


u  £*  lO — ^° 

'*-!r  (//)a  =  .  _   _.  X  io5«  =  loo  ergs  per  second. 


The  rest  therefore,  it  would  appear,  must  take  the  form  of  heat. 

It  is  worth  considering  what  circumstances  would  give  radiation  an 
advantage  over  heat,  and  ince  versa.  Because  sometimes  conspicuously 
the  target  gets  heated,  and  sometimes  X-rays  are  emitted.  Let  u  be 
the  speed  and  /  the  distance  of  stoppage,  then — 


"=2i- 

then  the  force 

required  to  stop 

itis— 

m  I'l 

_2^e' 
3« 

2/' 

The  "  power  " 

of  the  blow  is — 

iF 

„_/'«' 

«3 

"-"6^ 

n  ' 

whereas  the  radiation  power  is — 

("rJ- 

fie'u* 

,       .  radiating  power       a     u        2  a 

ttiereiore  — -. — • — ; ss  —:  .  —  ..i—  — ^ . 

total  power  I     v         vt 

where  t  is  the  time  of  stoppage,  and  v  \%  1\\^  \^Vocitv  of  light. 
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So  effective  radiating  power  depends  chiefly  on  ver>^  sudden  stop- 
page, and  on  the  speed  being  near  that  of  light.  If  the  velocity  is  a 
tenth  that  of  light,  and  if  an  electron  can  be  stopped  in  something  like 
its  own  diameter,  about  lo  per  cent,  of  the  energy  wili  go  in  radiationj 
and  the  rest  will  take  other  formSj  presumably  heat. 

As  the  velocity  diminishes,  more  and  more  of  the  energy  takes  the 
form  of  heat ;  which  agrees  with  the  fact  that  at  moderate  vacua 
the  target  gets  red -hot. 

The  ratio  of  the  radiation  power  to  the  total  power  is  as  the  dimen- 
sions of  an  electron  to  the  distance  Hght  would  travel  during  the 
period  of  the  stoppage.  So  to  get  all  the  energy  radiated  it  is  neces- 
sary to  stop  a  pellet  moving  wdth  a  tenth  the  speed  of  light  in  some- 
thing like  a  tenth  of  its  own  diameter. 


Justification  for  Elf;ctric  Vmw  of  Matter* 

But  now  what  justification  is  there  for  the  extraordinarily  far- 
reaching  hypothesis  that  the  electrons  constitute  matter,  that  atoms  of 
matter  are  composed  of  electric  charges^  that  the  fundamental  inertia- 
property  of  matter  is  identical  with  setf-induution  ? 

There  is  the  reasonable  philosophical  objection  to  postulating  two 
methods  of  explaining  one  thing.  If  inertia  can  be  explained  electri- 
cally, from  the  phenomena  of  charges  in  motion,  it  seems  needless  to 
require  another  distinct  cause  for  it  also.  But  this  is  not  all  that  can 
be  said ;  it  is  quite  possible  that  direct  experimental  proof  will  be  j 
forthcoming  before  long.  A  method  suggested  by  Professor  J.  J. 
Thomson  had  reference  to  the  proportion  of  radiation  to  thermal 
energy  developed  when  corpuscles  encounter  a  target  w*hich  sud- 
denly stops  them.  In  so  far  as  they  consist  of  non-electric  matter 
they  would  produce  only  heat  by  their  dead  collision,  without  any 
direct  generation  of  ethereal  waves*  In  so  far  as  they  consist  of 
electric  charges  they  would  disperse  a  certain  amount  of  radiation 
energy;  and  so  the  proportion  of  radiation  to  heat  might  afford  a 
criterion/  Hitherto,  however,  no  adequate  measurements  have  been 
i^iade  in  this  direction. 

But  there  is  another  more  likely  avenue  to  a  conclusive  result.  We 
'tnow  that  when  an  electric  charge  moves  with  a  speed  approaching 
that  of  light,  its  inertia  is  theoretically  no  longer  constant,  but  ntpidly 
increases  and  becomes  infinite  when  the  light-%*elocity  itself  is  reached, 
^t  least  on  the  orthodox  and  accepted  theory ;  and  rather  complicated 
and  not  quite  accordant  expressions  for  this  high-speed  inertia  have 
bem  calculated  by  several  matheniatical  physicists.  Sec  Appendix  K 
foi"  a  discussion  of  this  difficult  subject. 

It  is  possible  that  in  certain  crises  of  the  production  of  cathode  rays 
3  speed  not  far  short  of  that  of  light  may  be  reached,  and  the  increased 
inertia  observed.  Such  an  experimental  determination  has  been  seriously 
and  quite  recently  undertaken  by  Professor  Kaufmann,=  who  employed 
the  method  indicated  above  (Part  I  tL)  of  comparing  simultaneously  the 

See  J*  J.  Thomson  J  PJtil.  Mng.^  April,  likjg,  p,  416, 
See  Cifmftcs  A'lmftis  for  October  13,  1902. 
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electric  and  11  ic  magnetic  deflection  of  the  same  set  of  rays  submitted 
alternately  or  simultaneously  to  an  eJectdc  and  a  magnetic  field.  Thns 
the  velocity  and  the  ejm  ratio  are  both  knowo^  and  Kaufmann  con- 
cluded that  when  the  speeds  approached  perceptibly  near  the  velocity 
of  light  the  electrochemical  equivalent  mfe  increased  by  just  the 
amount  required  in  accordance  with  pure  electric  theory — the  theory 
which  attributes  the  whole  of  inertia  to  electric  influence.  Thcr« 
appeared  to  be  no  quantitative  room  for  any  extra  inertia,  such  as  thiit 
of  an  inert  particle  of  non-electric  matter  travelling  with  each  projectile, 
retaining  itis  inertia  constant  at  all  speedSj  and  so  contributing  nothing 
to  the  rise  of  inertia  perceived  when  the  speed  approaches  witbin 
hail  of  that  of  light. 

It  is  too  soon  to  be  sure  whether  these  results  are  trustworthy  or 
not.  The  attempt  is  brilliantj  and  it  can  hardly  be  doubted  that  before 
long  evidence  will  be  forthcoming,  on  this  and  on  other  hnes^  which 
will  enable  us  to  accept  or  reject  the  hypothesis  of  the  electric  nature 
and  unification  of  matter* 

Meanwhile  the  hypothesis  is  in  itself  so  probable  that  it  is  justifiable 
to  attempt  to  look  ahead  and  observe  some  of  the  consequences  of  the 
view  that  all  atoms  of  matter  are  built  up  of  the  same  fundamental 
units,  and  are  composed  of  aggregates  of  a  definite  number  of  variously 
grouped  negative  and  positive  elect rons^  arranged  in  kinetic  p[ttternii 
and  keeping  apart  by  reason  of  the  vigour  of  their  own  orbital  motions. 

At  first  it  is  not  easy  to  do  more  than  imaguic  the  electrons  to  be 
statically  grouped  into  regular  patterns  :  arranged  it  may  be  in  trian* 
gular  or  square  or  hexagonal  order  ;  with  other  allied  three-dimen- 
sional possibilities  familiar  to  students  of  crystallography.  See,  for 
instance!  William  Barlow,  £ri7.  Assoc.  Report  1^96,  p.  731  ;  also  Lord 
Kelvin,  PhtL  Mag.t  March,  1902,  and  elsewhere. 

On  Chemical  and  Molecular  Forces. 

The  force  of  chemical  affinity  has  long  been  known  to  be  electrical 
Ordinary  electrical  attraction  between  charged  bodies  may  be  called 
molar  chemical  action ;  only  there  is  no  combination  in  ordinary  cases, 
ticcause  the  opposing  charges  spark  into  one  an  others  and  so  the  attrac* 
tion  ceases  when  a  certain  proximity  is  reached.  The  idea  that 
chemical  forces  are  really  electrical  is  as  old  as  Sir  Humphry  Davy, 

Real  chemical  attraction  occurs  between  t%vo  atoms,  each  of  which 
contains  an  odd  number  of  electrons  :  one  extra,  or  it  may  be  more 
than  one  extra,  electron  of  given  sign*  Such  an  atom  has  a  centre  of 
force  whereby  it  can  attach  itself  to  other  atoms  and  enter  into  pairing 
or  chemical  combination  with  them.  It  is  probable  that  a  negative 
charge  is  an  excess,  and  a  positive  charge  a  defect ;  and  that  when 
pairing  occurs  the  excess  charge  of  one  fills  up  the  deficiency  of  the 
other,  and  composes  a  complete  and  neutral  molecule. 

Union  of  this  kind,  however,  never  seems  quite  as  strong  and  per 
manent  as  the  union  of  the  electrons  in  the  atom  itself  :  the  molecule 
easily  separates  at  the  same  place  again  under  the  influence  of  decom 
posing  intiuences,  and  does  not  seem  able  to  spUt  up  in  other  ways, 
into  new   substances  j    except   in  organic   chemistry,   where   vai-ions 
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modes  of  splitting  up  a  complex  molecule  can  be  brought  about,  and 
are  practically  utilised  for  the  generation  of  new  compounds,  eg. — 


It  is  probable  tlmt  the  same  sort  of  thing  is  possible  with  simple 
bodieSj  but  that  the  so-called  *'  elements  "  constitute  a  peculiarly  stable 
group^  the  ingredients  of  which  so  far  have  ouiy  partially  been  re- 
associated  into  isomeric  or  allotropic  forms,  and  have  not  yet  been 
detached  from  each"  other. 

When    chemical    combination    occurs    between    tw*o    oppositely  \ 
charged  atoms,  there  is  no  electric  discharge  between  them  :  the  two 
atoms  retain  each  its  own  charge,  and  cling  together  for  that  reason. 
Wlien  they  are  sepanitedj  each  is  an  ion  and  possesses  its  appropriate  i 
charge,  i 

It  is  possible  to  charge  an  assemblage  of  neutral  molecules  with  an  ! 
excess  or  with  a  defect  of  one  or  more  electrons,  by  processes  of 
ordinary  electrification,  but  the  attachment  of  these  supernumerary 
electrons  is  loose — and  they  can  be  shaken  away  by  the  agitation  of 
ultra-violet  light  and  in  many  other  ways.  Even  splashing  of  liquids 
into  spray  shakes  some  loose/  And  in  the  case  of  massive  molecules 
their  mutual  collision  or  agitation  under  the  influence  of  ordinary  tem- 
perature is  sufficient  to  shake  away  some  of  the  loose  electrons^  wliich 
then  fly  off  tangentially  with  whatever  orbital  velocity  they  may  have 
had :  giving  rise  to  plienoniena  recently  discovered  under  the  name 
of  radio-actimty  (see  Part  VIL}- 

MoLECUL.\R  Forces,  Cohesion, 

Rut  there  is  another  kind  of  adhesion  or  cohesion  of  moleculesj  not  I 
chemical  but  what  is  called  molecular.  This  occurs  between  atoms  ' 
not  possessing  ionic  or  extra  charges,  but  each  quite  neutral,  consisting 
of  pat  red -off  groups  of  electrons.  At  any  moderate  distance  the  force 
of  attraction  between  paired  electrons  will  be  next  to  nolliing,  but  at 
very  minute  distances  it  may  be  very  great,  ranging  up  to  something 
almost  indistinguishable  from  chemical  combination^  except  that  the 
cling  will  be  a  weak  chng  at  a  multitude  of  points  instead  of  an  intense 
cling  at  only  one* 

Consider  the  outer  surface  of  an  atom  consisting  of  a  regular  group 
of  interleaved  electrons  of  alternately  opposite  sign.  Its  equipoten- 
tial  surfaces  will  be  dimpled  or  corrugated  or  pimply  sheets,  which  at 
a  Uttle  distaiice  aw^ay  will  be  almost  plain^  the  dimples  increasing 
rapidly  in  depth  and  becoming  like  the  cover  of  a  niattrass  when 
something  less  than  molecular  distance,  something  approaching  the 
internal  electron  distances  apart,  is  reached. 

Two  such  atoms  vt'ill  tiierefore  tend  to  settle  down  with  their  equipo- 
tential  surfaces  adjusted  into  uniformityj  the  pimples  of  the  one  fitting 
into  the  hoUow^s  of  the  other  ;  and  this  is  the  state  of  things  suggested 
by  the  facts  of  cohesion  (Fig.  5), 

To  investigate  the  actual  law  of  force  would  be  diflicult,  and  too 

'  Lenai'd  on  electrlfieallon  near  waterfalls. 
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many  assumptions  would  have  to  be  made  for  the  geometrical  arrange- 
ment of  the  electrons  in  the  adjacent  atoms ;  it  could  only  be 
approximate,  because  we  should  probably,  at  least  in  the  first  instance, 
have  to  assume  a  static  distribution.  Nevertheless  the  attempt  mightl^ 
be  instructive,  and  might  in  a  developed  form  be  suitable  for  an  I 
Adams  Prize  Essay. 

It  is  quite  plain,  however,  that  the  result  would  be  a  force  rapidly 
increasing  and  becoming  great  at  small  distances,  and  practically  nil 
at  any  perceptible  distance. 

Molecular  forces  on  this  view  are  electrical,  just  as  much  electrical  |  U 
as  are  chemical  forces ;  but  they  occur  between  chemically  saturated 
molecules,  and  are  due  to  the  interaction  or  distant  influence  of  paired ' 
electrons  on  each  other  across  molecular  distances. 

•  o»o«o»  o«o»o»o 
o»o»o»o  •o»o»o» 

•  o»o«o«  o«o«o»o 
o«o»o«o  •o»o«o« 

•  o»o»o»  o«o»o»o 

A  B 

Fig.  5.— Ordinary  Cohesion  between  two  Neutral  Atoms  A  and  B :  each  atom 
consisting  of  interleaved  electrons  of  opposite  sign,  depicted  in  any  con- 
venient way. 

Ions  cannot  thus  combine ;  because  if  they  were  oppositely  charged  /^ 
their  combination  would   be  chemical,  and  if    they  were   similarly' 
charged  they  would  strongly  repel  each  other. 

But  if  ions  arrive  at  a  metallic  electrode,  or  are  provided  with  other 
means  of  passing  on  their  free  charges,  they  cease  to  be  ions  and  then 
they  can  and  do  combine  molecularly  with  each  other. 

It  is  of  course  possible  for  an  ion  to  have  more  than  one  free 
electron,  forming  a  dyad  or  a  triad  radical;  and  the  way  in  which  a 
neutral  group  can  receive  and  by  rapid  re-adjustment  pass  on  an 
extra  foreign  electron,  reminding  one  of  the  re-adjustment  of  the 
films  in  a  lather  when  one  compartment  bursts,  is  doubtless  instructive. 

The  effect  of  electric  polarisation  on  such  a  neutral  group  of 
electrons  is  noteworthy.  The  effect  of  a  charged  body  in  the  neigh- 
bourhood is  at  once  to  disturb  the  equilibrium  and  to  disturb  the 
grouping  throughout  the  atom  more  or  less  :  it  will  cause  the  negative 
electrons  to  protrude  slightly  on  one  side  and  the  positive  on  the  other 
(see  Fig.  6). 

If  two  molecules  were  beyond  each  other's  molecular  range,  and 
if  the  neighbouring  surfaces  could  by  any  means,  by  the  supply  of 
electricity  from  without,  be  oppositely  electrified,  the  forces  of  cohesion 
would  be  intensified  momentarily  by  something  akin  to  chemical 
forces,  and  cohesion  would  set  in  over  ultra-molecular  distances.  This  i^ 
appears  to  be  what  goes  on  in  a  "coherer."  The  opposite  charges/ 
cannot    be    maintained  electrostaUcaWy  be\.>Neeii  X.'wo  x!i]^<;gc&AVLtvii^ 
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metallic  surfaces,  hut  they  can  be  imparted  \^itli  a  sudden  jerk  or 
disruptive  discharge  or  received  electric  impulse ;  and  these  are  Ihe 
things  which  are  effective  in  promoting  cohesion. 

In  the  diagram  herewith,  Fig.  5  represents  a  couple  of  atoms  with 
interleaved  electrons  of    opposite  sign  in 

r^uare  order,  the  atom^  being  within  range      0*0*0*0 
of  one  another  and  so  cohering  by  molecular 

or  non-chemical  forces.  They  have  adjusted       '     n     *     D     *     o    * 
themselves   into  a  cohering  position  j  but  Q 

a  shear  through  half  the  distance  apart^of      o     *    O     *    O    *     o 
the  electrons  would  disintegrate  them.     An 

angle    represented   by  half    the    electron-       *     o     *     O     *     O     ' 
distance  divided  by  the  molecular-distance 
is  therefore   a  measure  of    the  maximum 
distortion  of  a  substance. 

Fig,  6    shows  a  couple  of  atoms  both 

lectrically  polarised ,    as   by   a    positively 

charged  rod  held  above  both.    The  con-  *  *  * 

stituents  of  C  are  polarised  into  hexagonal 

0  0  0  0 

order  —  an   effect  such  as  might    also   be 

caused  by  lateral  pressure  in  some  cases  ;  •  •  , 

the  constituents  of  D  are  in  diagonal  square 
order  :  which  has  the  e0ect  of  violent  elec- 
tric polarisation.  The  atoms  C  and  D  arc 
therefore  clinging  by  forces  much  stronger 
than  ordinary  cohesion  at  that  distance 
would  have  been.  They  represent  ad- 
jacent atoms  of  a  momentarily  polarised 
coherer, 

It  is  not  to  be  supposed  that  the  elec- 
trons need  really  ever  be  disturbed   more  than    an  almost  imper- 
ceptible amount  in  order  to  produce  this  chemical  cohesion  effect. 


o  D 


Fig,  6.  —  Two  Polarised 
Atoms,  polarised  in  dif- 
ferent ways  ;  illustrating 
iiho  eleetritsiUy  intensi- 
tit;d  cohesion. 
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APPENDIX  K. 

Note  on  the  Behaviour  ok  a  Charge   Moving  Nearly  at  the 
Speed  of   Light. 

Mr.  G.  F.  C*  Scarle  has  kindly  called  my  attention  to  a  paper  of  his 
ui  the  Phiiosophkal  Magazine  for  October,  ii^j/,  and  maintains  tliat 
a  charge  does  not  re-distribute  itself  on  a  moving  body  when  its  speed 
becomes  great,  but  that  the  lines  of  force  bend  or  are  deflected 
towards  the  equator,  witliout  remaining  normal  to  the  surface  whence 
they  start.  And  I  sec  that  Mr.  Heaviside  in  his  Electrical  Papers, 
^ol,  2^  p.  514^  accepts  this  result  and  considers  that  we  have  no 
guarantee  that  at  these  high  speeds  lines  of  force  are  necessarily  normal 
to  conducting  surfaces ;  an  assertion  in  which  we  may  trace  some 
I  iinalogy  to  the  fact  i\mt  in  a  moving  medium  iay&  oC  VigTtit  ate  ucA. 
J^rpeadlcular  to  their  ware  /rents. 
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There  is  no  question  but  that  the  haes  of  force  bend  back  towards 
the  equator,  as  stated  by  me  m  Fart  I.,  but  I  assumed  that  this  deflexion 
of  the  lines  would  entail  their  moving  up  nearer  to  the  equator  of  the 
sphere,  so  as  to  leave  the  poles  bare  of  charge,  in  order  that  they 
might  still  continue  radiaL  I  admit  that  the  lines  of  force  need 
not  continue  radial,  but  it  seems  to  me  that  there  is  still  some 
redistribution  of  the  charge  as  the  speed  increases :  a  fact,  howe%'er, 
which  is  not  important,  Mr,  Searle  calculates  that  whereas  a  sphere 
at  rest  acts  as  if  its  charge  were  at  a  central  point,  this  equivalent  point 
Opens  out  into  a  uniformly  charged  line,  forming  a  medial  and  sniaJl 
portion  of  its  diameter^  when  the  sphere  is  in  motioo  ;  the  length  of 
the  line  gradually  increasing  until  the  speed  equals  that  of  light,  when 
it  fits  the  sphere  exactly.  Biit  this  neglects  a  distortional  change  in 
the  sphere  itself,  to  which  I  will  presently  refer. 

The  fact  is  that  the  whole  subject  of  the  behaviour  of  a  charged 
body  moving  at  enormous  speed  is  a  complicated  one,  and  directly 
you  get  within  20  per  cent,  of  the  speed  of  light  it  begins  to  be  neces- 
sary to  consider  even  its  inertia,  as  well  as  its  deflecting  force,  in  a 
more  thorough  and  elaborate  manner, 

Mr.  Seai^le  points  out  that  three  different  estimates  of  inertia  can  be 
made  : — one  as  the  ratio  of  force  to  acceleration,  another  as  the  ratio  of 
momentum  to  velocity,  and  a  third  as  the  ratio  of  kinetic  energy  to  half 
the  square  of  velgcity.     In  ordinary  matter  as  is  well  known,  and  for 
slow  electric  motions,  these  three  estimates  are  one  and  the  same  ;  but 
for  violent  electric  motions  they  become  different ;  though  it  should  be 
realised  how  sniall  the  difference  is^  until   the   speed  of  light  is  very 
closely  approached ;  so  that  in  no  material  c;ise  of  great  velocity  or 
great  acceleration  that  has  ever  been  practically  dealt  with^^s,  for 
instance,  the  case  of  a  cimnon-ball  stopped  by  armour  plate — is  any  sorL 
of  unusual  effect  to  be  expected  ;  even  on  the  hypothesis  that  matter  is 
entirely  electrically  composed.     Nevertheless,   uoav  that   among  free= 
corpuscles  in  a  vacuum  tube  it  is  be  com  in  j^  practically  possible  tcz 
attain  these  high  speeds,  and  even  to  begin  to  base  crucial  determina- 
tions upon   them,  it  becomes  necessary  to  consider  tlie  matter  mor* 
carefully.     And  iu  a  book  published  at  Gottingen   in   January,    190:™ 
Dr.  Abraham  discriminates  what  he  calls  "longitudinal  "  from  whath 
calls   "  transverse  "  inertia ;  making  inertia  depend   not  only  on  tli — 
speed  of  motion,  but  on  the  direction  in  which  the  body  is  bein^ 
accelerated* 

And  all  these  results  are  still  further  complicated  by  a  consideratic** 
of  the  effect  of  acceleration  itself,  which,  w^hencver  it  is  violent,  giv^ 
rise  to  some  perceptible  radiation,  involving  dissipation  of  energy ;  ai^ 
this  radiation  Joss  of  energy,  though  it  will  be  primarily  represented  in  tl^a 
motion  as  a  resistance  or  velocity  term,  may  secondarily  have  an  effect  c^ 
inertia  ; — probably,  however,  quite  a  small  and  subordinate  effect  in  b^ 
practical  cases,  and  no  effect  at  all  so  long  as  motion  occurs  witl 
uniform  speed  in  a  straight  line  :  for  then  there  is  no  radiation,  B«J 
then,  of  course,  under  those  conditions  it  is  not  possible  to  test  oi 
measure  the  inertia  of  a  body;  it  is  only  when  the  motion  is  either 
curved  or  changed  in  some  way  that  inertia  becomes  prominent,  and 
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then  there  is  necessarily  somci  though   usually  very   soiail,   radiation 
too. 

f        A  convenient  expression  for  the  inertia  of  a  body  mo%'ing  at  any 

f  speed  is  hard  to  arrive  at.  A  varietv  of  expressions  have  been  given, 
and  some  of  them  are  contained  hi  the  first  chapter  to  J.  J.  Thomson's 
*'  Recent  Researches  in  Electricity  and  Magnetism/'  but  they  are  not 
attractive^  and  it  appears  from  Mr.  Searle's  results  that  it  is  only  under 
very  careful  qualifications  that  t!iey  apply.  For  these  reasons  I  do  not 
propose  to  enter  upon  a  discussion  of  them  further  than  may  be  neces- 
sary to  criticise  or  appreciate  Kaufmann's  recent  experimental  attempt 

I  at  basing  an  important  measurement  on  these  high  velocitieSj  by 
observing  the  electric  and  magnetic  deflexions  then  exhibited  by 
cathode  rays,  so  as  to  obtain  if  possible  their  modified  mli  ratio  at  ultra 
high  speeds* 

When  magnetic  deflexion  is  being  observed  at  ultra-high  speeds  we 
have  also  to  remember  that  it  is  possible  for  the  ordinary  expression 
for  the  force  exerted  on  a  current  by  a  moving  lie  Id  to  be  departed  from. 

[  The  ordinar}^  expression  for  deflecting  force  is  f  i<  H  at  low  speeds^ 
for  a  charge  t'  moving  at  speed  u  across  a  magnetic  field  of  intensity  H  ; 
but  at  higher  speeds  an  expression  of  much  more  complicated  character 
is  investigated  by  J.  J.  Thomson  in  the  first  chapter  of  his  "Recent 
Researches  in  Electricity  and  Magnetism/'  and  is  obtained  In  the 
following  form  : — 


eU't'-^^ 


This*  however,  at  low  speeds  reduces  not  to  the  usual  simple  value, 

but  lo  one4hird  of  that  value,  viz.     H€u;  and  Professor  Schuster  in 

3 
the  Philosophical  Magazine  for  Januaryi    1897,  calls  attention  to  the 
variety   of   numerical   estimates  of   this  quantity   given   by   different 
varieties  of  the  main  theory. 

Abraham's  value  of  what  he  calls  *'  transverse  inertia  **  is  quoted  by 
Kaufmann  in  Camptes  RcndnSf  vol.  135,  p.  577,  writing  it  with  w^  as  the 
equivalent  inertia  for  slow  niotioUj  and  with  fi  as  the  ratio  ujif — the 
nitio  of  the  speed  of  the  motion  to  the  velocity  of  light — thus 


^d  this  is  the  formula  employed  by  Kaufmann  for  eiepcrimental  test 
and  verification. 

Mr.  Heaviside  gives   a  still  more  complex   expression — Electrical 
Papers,  voL  2,  p>  514— for  kinetic  energy;  via^.  an  expression  equiva* 

lent  Lo  —  I/""  multiplied  by  the  following  quantity, 


t—r 

4^ 


i+- 
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which  therefore  may  be  taken  to  represent  the  inertia  for  that  case ; 
r  being  the  squared  speed  ratio  u'l%r', 

Larmor  treats  the  whole  matter  from  a  general  point  of  view  in 
Phil,  Tratis.y  1895,  p.  717,  and  shows  that  no  mere  acceleration  term  is 
sufficient  to  express  completely  the  reaction  to  applied  mechanical 
force. 

Distortion  due  to  High-speed  Motion  through  the  Ether, 

In  Mr.  Searle's  paper  in  the  Philosophical  Magazine,  October,  1897, 
he  points  out  that  the  simplest  charged  body  when  in  motion  is 
not  a  sphere,  but  an  oblate  spheroid,  oblate  in  the  direction  of  motion, 

with  its  axes  in  the  ratio  ^f  i  —  ^j  ,  1,1;  and  that  this  produces  on 

all  points  outside  itself  exactly  the  same  effect  as  a  point  charge  at  its 
centre,  and  that  therefore  such  a  spheroid  in  motion  at  the  speed  u 
takes  the  place  of  the  sphere  in  electrostatics.  He  calls  this  a 
Heaviside  ellipsoid,  because  Mr.  Heaviside  first  indicated  its  importance 
in  the  theory  of  moving  charges. 

But  I  wish  to  point  out  that  a  spheroid  of  this  kind  is  exactly  what 
a  sphere  in  sufficiently  rapid  motion  would  automatically  become,  on  the 
Fitzgerald- Lorentz  theory  ;  viz.,  that  hypothesis  which  was  started  in 
order  to  account  for  the  negative  result  in  Michelson's  experiment  by 
postulating  a  change  of  dimensions  in  solid  bodies  according  to  their 
direction  of  motion  through  the  ether.  This  hypothesis  became  a 
definite  theory  giving  important  results,  when  Lorentz  showed  that  on 
the  electric  theory  of  matter — or  even  without  assuming  that  the  whole 
inertia  of  matter  was  electric,  because  the  result  is  not  a  question  of 
inertia,  but  of  static  force — not  only  was  such  a  change  of  dimen- 
sions reasonably  likely,  as  Fitzgerald  had  perceived,  but  that  the 
change  to  be  expected  was  precisely  of  the  right  amount  to  give  a 
compensating  effect  and  precisely  zero  resultant  in  the  Michelson 
experiment. 

The  change  of  dimensions  thus  imagined  and  justified  is  gradually 
coming  to  be  accepted  as  plausible  and  probably  true ;  and  it  is 
interesting  to  note  that  a  sphere  in  motion,  by  reason  of  being  subject 
to  this  amount  of  distortion,  still  retains  its  property  of  being  the 
simplest  geometrical  body,  so  far  as  the  distribution  of  its  electric  field 
is  concerned.  True  it  is  then  no  longer  a  sphere ;  but  no  measuring 
instrument  could  possibly  show  its  distortion,  because  all  standards  of 
measurement  would  share  it.  It  is  a  remarkable  thing  that  this  imper- 
ceptible and  unnieasurable  uniform  distortion  of  all  matter  should  ever 
have  been  discovered  :  nothing  but  an  ethereal  process  could  have 
dragged  it  to  light.  Nevertheless  dragged  to  light  it  has  been,  by  the 
combined  testimony  of  electrical  theory  and  of  optical  experiment. 
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PART   VIL 

Summary  of  Other  Consequences  ok  Electron  Theory. 

Radh'Actimty. 

If  mafiy  atoms  of  a  substance  have  electrons  attached  to  them,  and 
if  these  are  performing  orbital  revolutions,  it  is  naturaJ  to  ask  how  then 
can  it  be  that  substances  are  not  constantly  emitting  waves  and  radia- 
ting away  their  energy.  Fortunately  owing  to  the  brilliant  researches 
of  Becquerel,  Curie^  and  others,  certain  substances  have  been  found  in 
which  the  radiation  intensity  reaches  a  very  perceptible  magnitude  ; 
H  and  it  appears  that  this  radiation  may  be  of  several  kinds — 
H  ist,  of  waves  or  pulses  analogous  to  Rontgen  radiation,  probably  ; 

H         2nd,  of  rays  analogous  to  Lenard   or  cathode  rays  consistmg  of 
V  electrons  and  tons  bodily  shot  off,  certainly  * 

H         3rdi  of  detached  portions  of  the  substance  itself  not  charged  with 
H  electricity,  but  emanating  like  an  odour,  and  possessing  like 

^^^^  the  ,rest  of  the  substance  an  intrinsic  radiating  power,  and 

^^^^ft         capable  of  attaching  itself  to  other  materials  in  the  neighbour- 
^^^F         hood  so  that  they  too  acquire  temporary  radiating  power  J 
^f       The   substances   which   possess  any   noteworthy  amount   of    this 
H  radiating  power  are  substances  with  very  lugh  atomic  weight,  and  their 
,H  emitting  power  would  appear    to  be  probably  due  to  an    internal 
commotion  and  collision  between  the  atoms,  of  sufficient  violence  to 
detach,  and  as  it  were  evaporate  every  now  and  then,  some  of  the 
smaller  particles  ;  and  also  by  the  shock  of  the  collisions  to  generate 
some  feeble  Rontgen  rays. 

It  is  easy  to  grant  that  whenever  there  arc  actual  collisions  of 
sufficient  suddenness  some  radiation  of  this  kind  must  be  emitted  ;  but 
B  we  cannot  help  asking,  why  does  not  the  quiet  orbital  revolution  of 
™  electrons  round  atoms,  in  a  substance  not  in  a  high  state  of  thermal 
disturbance  and  not  possessing  specially  massive  atoms,  why  does  not 
this  also  give  rise  to  a  perceptible  amount  of  radiation  and  loss  of 
energy  ?    One  answer  that  has  been  given  is  as  follows  : — 

The  radiators  are  not  isolated  or  independent,  and  surface  radiation 
is  maintained  by  layers  at  greater  depth  in  the  substance.  Moreover 
the  radiators  arc  so  close  together  that  they  are  in  all  sorts  of  phases 
within  the  first  quarter  wave  length,  a  length  which  embraces  a 
multitude  of  them  ;  wherefore  a  multitude  is  a  worse  radiator  than  one, 
because  they  interfere  and  produce  but  little  external  or  distant  effect ; 
like  the  two  prongs  of  a  fork,  or  two  neighbouring  organ  pipes,  or  the 
front  and  back  of  a  vibrating  wire.      See   Larmor,  Etficr  and  Matter^ 

'  See,  for  instancei  papers  by  the  original  disco verer^  M.  Henri  Becquerel, 
in  Cotuptt's  RajthtSi  1^96  and  1S97  ;  see  also  Kulherforcl,  Phii  Mag.  January^ 
1899  and  1900,  with  quantitsitive  determinations  concerning  it.  Also  in  PhiL 
Mag*  July  and  November^  1902.  Other  references  are  M*  and  Mme.  Curie, 
Compter  RaidtiSj  Novemberj  1^99  ;  Hon.  R.  J,  Stmtt,  PhiL  Tnjfts.  A  1901,  vol. 
196,  p.  525  ;  Sir  W.  Crookea,  Proc.  Roy*  Soc,^  vol.  66,  p.  409  (1900),  vol.  69, 
p.  413  (1902),  also  '*  Electrical  Evaporation,"  iS^if  Ptoc,  Roy,Soc*j  vol  S^,  p,  88 ; 
and  many  other  workers. 
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page  232.  But  I  doubt  if  much  answer  is  wanted,  save  one  of  a  very 
different  character,  viz.,  that  radiation  of  a  low  temperature  order  is  as  a 
matter  of  fact  always  going  on  from  all  substances ;  that  energy  is  con- 14^ 
served  and  constancy  of  temperature  persists  merely  because  loss  is  equal  • 
to  gain,  because  absorption  compensates  radiation, not  because  radiation 
ceases  ;  and  that  to  make  an  estimate  of  the  amount  of  radiation  so  occur- 
ring it  would  be  necessary  to  suppose  the  body  in  an  enclosure  at  ab- 
solute zero :  when  undoubtedly  its  kinetic  energy  would  rapidly  leak 
away,  and  be  dissipated.  The  whole  subject  of  radio-activity  is  a  large 
one,  upon  which  I  do  not  propose  to  enter  here  and  now.  Suffice  it  to 
realise  that  any  difficulty  of  explanation  in  connection  with  it  is  not  the 
fact  itself,  but  rather  why  it  is  not  more  notorious. 

However,  so  far  as  the   most  striking  and  interesting  excessive"  L 
photographic  and  electric  radio-activity  of  certain  rare  substances  is^ 
concerned,  it  has  been  already  hinted  that  the  greater  part  of  that  does 
not  consist  so  much  in  the  emission  of  radiation  proper — whether  in 
the  form  of  pulses  of  X-rays  or  any  other  form — as  in  the  flinging  off 
of  particles,  negatively  charged  particles  or  electrons  as  a  rule,  but\ 
also  sometimes,  according  to  Mr.  R.  J.  Strutt,  of  positive  ions  also.    The  ; 
faint  photographic  influence  of  ordinary  substances  observed  by  Dr-  | 
W.  H.  Russell  seemed  to  suggest  that  incipient  power  of  this  kind  is 
not  limited  to  bodies  with  heavy  atoms  like  Uranium,  Radium,  Polonium, 
etc.,  as  described  by  Becquerel  and  the  Curies,  though  these  substances 
show  it  to  an  extraordinary  degree  :  Dr.  Russell,  however,  appears  to 
have  traced  his  at  first  interesting  effects  to  the  merely  chemical  action 
of  hydrogen  peroxide. 

The  whole  subject,  together  with  the  allied  one  of  the  loss  of  charge   ^ 
from  hot  bodies,'  first  discovered  by  Dr.  Guthrie  long  ago  (see  Phil. 
Mag.  [4],  xlvi.  p.  273),  is  one  that  demands  special  attention  and  treat- 
ment, for  which  there  is  no  opportunity  now. 

Solar  Corona,  Comets  Tails,  Magnetic  Storms,  and  Aurorce. 

Another  subject  on  which  it  is  tempting  to  enlarge  is  the  explanation 
of  various  astronomical  and  meteorological  phenomena  by  the  electron 
theory. 

The  theory  of  Aurorae  has  recently  been  elaborated  by  Arrhenius  ; 
but  the  whole  doctrine  of  emanations  from  the  sun,  and  of  repulsion  of 
small  particles  both  by  his  light  and  by  his  probable  electrification,  is 
a  matter  that  has  been  familiar  to  me  for  several  years,  through 
conversation  with  Fitzgerald  and  others.  See,  for  instance,  Larmor, 
Phil,  Trans.  1894,  vol.  185,  p.  813 ;  Lodge  on  Sunspots,  Magnetic 
Storms,  Comets*  Tails,  Atmospheric  Electricity,  and  Auroras,  in  the 
Electrician  for  December  7,  1900,  vol.  46,  p.  250  ;  Fitzgerald,  Electrician, 
December  14,  1900,  with  reference  to  a  communication  on  the  subject 
in  1893  (see  the  Electrician  for  August  11,  1893).  See  also  his  collected 
"  Scientific  Writings,"  at  date  1882. 

The  earth  is  in  fact  a  target  exposed  to  cathode  rays,  or  rather  to 

'  See,  for  instance,  Strutt  on  leakage  from  hot  bodies,  Phil.  Mag.  July, 
J^poj  ;  J.  J.  Thomson,  ditto,  Phil.  Mag.  Augasl,  1902. 
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electrons  emitted  by  a  hot  body,  v'u.,  the  sun.  The  gradual  accumu- 
lation of  negative  electricity  by  the  earth  h  n  natural  conscqueucc  of 
this  electron  bombardment,  and  the  fact  that  the  torrent  of  particles 
constitutes  an  electric  current  of  fair  strength  gives  an  easy  explanation 
of  one  class  of  magnetic  storms  ;  which  have  been  long  known,  by  the 
method  of  concomitant  variations^  to  be  connected  with  sun  spots  and 
aurorae.  The  electric  nuclei  would  also  serve  as  centres  for  con- 
densation of  atmospheric  vapour  at  high  altitudes  and  so  be  liable 
to  affect  rain  fail. 

Nevertheless  tt  is  true  that  these  theories  have  been  well  elaborated  ' 
of  late  by  Arrhenius ;  and  his  explanation  of  the  aurora  by  means  of  the 
catching  and  guiding  of    rapidly   moving    electrons  by  the  earth's 
magnetic  lines  of  force^  so  as  to  deflect  them  from  the   tropics  and 
conduct  them  in  long  spirals,  along  the  lines^  to  the  poles>  there  to  . . 
reproduce  the  phenomena  of  the  vacuum-tube  in  the  raiified  upper  * 
regions  of  the  atmosphere,  is  particularly  definite  and  pleasing.     Some  | 
of  the  other  astronomical  suggestions  he  has  made  arc  likewise  of  con- 
siderable interest. 

VALiDtTY  OF  Old  Views, 

Now  that  the  doctrine  of  ckctricity  (at  least  of  negative  electricity) 
as  located  in  small  charges  or  charged  bodies  is  detinitely  accepted,  > 
and  now  that  a  current  can  be  treated  as  the  locomotion  of  actual 
electricity,  it  may  seem  as  If  some  doubt  were  thrown  upon  the 
doctrine,  which  a  little  time  ago  was  spoken  of  as  a  ^'modern  view," 
that  the  energy  of  an  electric  current  resides  in  the  space  round  a 
conductor.  There  is  no  inconsistency,  however.  The  whole  of  the 
fields  of  an  electron  are  outside  itself ;  it  is  in  its  fields  that  its  energy 
resides,  and  it  is  in  the  space  round  it  that  energy  is  conveyed  when  it 
moves ;  for  the  ether  in  that  space  is  subject  to  the  co-e3£istcnce  of  an 
electric  and  a  magnetic  field.  So,  also,  its  inertia  resides  in  space 
round  it^  for  it  is  accounted  for  by  the  E*M.F.  set  up  when  its  magnetic 
fteld  changes,  that  is  when  its  motion  is  accelerated. 

In  dealing  with  the  inertia  of  matter  it  is  commonly  supposed  that 
the  inertia  resides  in  the  matter  itself  :  whereas  electrical  inertia  is 
known  to  reside  in  the  space  round  the  nucleus.  Yet  we  have  been 
emphasising  and  opposing  the  view  that  material  inertia  and  electrical 
inertia  are  essentially  one  and  the  same. 
Is  there  no  inconsistency  here  ? 

The  appearance  of  inconsistency  vanishes  when  we  come  to 
calculate  and  realise  how  extremely  local  and  concentrated  the  intense 
part  of  the  field  of  an  electron  is.  There  is  a  sense  in  which  it  can  be 
said  that  a  moving  bodyj  for  instance  a  vortex  ring,  disturbs  the  whole 
atmosphere  ;  but  any  perceptible  disturbance  resides  very  near  the  ring, 
So  it  IS  with  an  electron.  The  magnetic  field  falls  off  inversely  as  the 
square  of  the  distance  from  the  moving  nucleus,  and  hence  at  a  distance 
far  k&s  than  a  millimetre,  less  even  than  the  size  of  an  atom,  it  is  quite  ' 
inappreciable.  The  wiiole  magnetic  field  on  which  its  inertia  depends 
lies  practically  very  close  to  the  electron  itself :  it  is  just  its  cixk<ami:Vx 
small  size  that  enaWes  thh  concentration  to  be  possible,  and  even  m  'a. 
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cloticly  packed  mercur>'  atom  there  i:»  practically  no  encroachment  of  II 
the  field  of  one  electron  on  its  neij^hbour's.  They  are  all  independent,  ji 
each  with  its  own  inertia,  almost  isolated  from  the  others :  for  if  it  were  \ 
not  so,  the  mass  of  a  body  in  close  chemical  combination  would  not  I 
continue  constant,  but  would  diminish.  Whether  it  does  diminish  in  ) 
the  least  degree  is  a  que>tion  perhaps  worthy  of  attack.' 

The  momentum  of  a  moving  charge  at  ordinary'  speeds  is  simply 
inversely  as  the  radius  of  the  sphere  which  holds  it,  as  stated  in  Part  I., 
hut  the  localisation  of  this  momentum,  which  is  the  point  we  are  now 
considering,  is  given  generally  in  Thomson's  Recent  Researches  in 
FAcclricity  ami  Magnetism,  p.  20.  and  may  be  realised  approximately 
as  follows : — 

The  momentum  depends  on  the  co-existence  and  product  of  the 
electric  and  magnetic  fields.  Each  field  varies  inversely  as  the  square 
of  the  distance  jfrom  the  moving  charge  ;  and  their  vector  product  is, 
as  regards  direction,  perpendicular  to  the  radius  vector  at  any  point, 
and  proportional  at  ordinary  speeds  to  the  sine  of  the  angle  between 
the  radius  vector  and  the  direction  of  motion,  w*hile  in  magnitude  it  14, 
falls  off  as  the  inverse  fourth  power  of  the  distance.  All  this  can  be  [ 
realised  by  common  sense  with  ver}'  little  trouble. 

So,  then,  take  a  moving  electron,  and  consider  the  distribution  of 
its  momentum  in  the  space  round  it.  Between  its  surface  and  a  space 
of  a  hundred  times  its  diameter,  99  per  cent,  of  its  momentum  is 
contained  ;  because  we  shall  have  to  integrate  the  factor — 


J  a 


So,  within  the  boundary  of  an  atom,  which  is  a  hundred-thousand 
times  an  electron's  diameter,  there  is  practically  none  of  its  momentum 
not  included. 

And  even  in  one  of  the  comparatively  closely  packed  atoms, 
e.f(,  in  a  platinum  or  mercury  atom,  the  overlapping  of  momentum 
for  each  constituent  is  extremely  small,  since  their  average  space  apart 
is  some  thousand  times  the  size  of  each  constituent  electron. 

Consequently  the  assertions  that  an  electric  current  is  a  transfer  of 
electrons,  and  that  the  energy  of  a  current   travels    in    the  space 
surrounding  the  moving  electricity,  are  statements  not  inconsistent 
with  each  other.     Nor  are  the  statements  inconsistent  that  the  mass  of 
a  body  resides  in  its  atoms,  and  that  inertia  or  momentum  is  a  property 
due  to  the  self-inductive  influence  of  the  electromagnetic  field  sur- 
rounding a  moving  electric  nucleus.    So  also  with  the  way  in  which  a 
current  is  propelled.    The  pace  of  progression  of  electrons  through  a  \^ 
solid  may  be  considerable,  see  next  section,  but  it  is  very  far  below  the  \ 
pace  at  whicli  a  telegraphic  signal  travels  along  a  wire.    They  must  be  I 
propelled  by  a  lateral  action,  transmitted  through  the  ether  with  the 
speed  of  light  appropr^tc  to   the  surrounding   insulator,  by   some 
arrangement  which  *'  Modern  Views  "  symbolised  in  the  form  of  cog- 
wheels :  they  cannot  be  impelled  by  end  thrust.    The  electric  current 
'  Cf,  Rayleigh,  British  AssodaV\oi\, 'B^M^.^V  \q^. 
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is  a  more  ojaterial  entity,  or  has  a  more  nearly  material  as[>cct,  than  wa^ 
thought  probable  a  little  while  >ince  ;  hut  :ilJ  that  was  taught  ahout  its 
mode  of  propubion  and  the  diffusion  of  the  propellin|j  force  from  out- 
side to  inside  through  succei-sive  layers,  as  it  wert\  of  the  wire,  alt  that 
was  taught  about  the  paths  by  which  the  energy  travels  and  arrives  at 
point  after  point  of  the  wire,  there  to  be  dissipated  as  heat,  rgiiiaiii!^ 
true. 

Nttmber  of  Ions  in  Conducior^. 

The  imnien^e  number  of  electrons  that  are  necessary  to  make  up 
the  mass  of  a  piece  of  platinum ,  or  of  a  himp  of  matter  tike  the  c;irth, 
can  readily  be  estimated  ;  so,  also,  it  is  easy  to  imagine  that  an 
enornious  number  must  be  travelling  in  order  to  give  customiuy 
strengths  of  current  such  as  can  readily  pass  through  a  hquid, 

Tbrough  a  gas  a  iimst  is  soon  found  to  the  available  number,  and 
accordingly  the  conductivity  of  an  ionised  gas  falls  off  if  we  call  u|>on 
it  to  Ciirry  more  than  a  certain  currentp  called  the  saturation  current* 
See  investigations  by  Townsend  and  others.  But  1  am  not  aware  of  any 
experimental  indication  of  sucli  a  Umit  in  solids  or  liquids  at  prcscuL 
ff  In  solids  the  pace  of  travel  is  unknown,  though  it  has  been  ingeniously 
^Bbunnised,  and  is  thought  to  be  very  great ;  considerations  of  centrifugal 
^■orce  would  make  the  speed  of  eacti  electron  during  an  atomic  en- 
^ftounter  equal  to  cf'^iK  mr)  or  about  lo^  centimetres  per  second  ;  views , 
^^)ased  on  Maxw^ell's  theorem  about  equal  distribution  of  energ)^  among  the 
particles  of  mixed  gases  suggest  lo^  for  the  average  speed  of  electrons 
at  ordinary  temperatures  in  a  solid  where  they  were  frce^  that  is  a 
hundred  kilometres  or  sixty  miles  per  second  ;  though,  since  each 
particle  is  subject  to  constant  changes  of  direction,  this  is  by  no  means 
the  pace  of  straightforward  progression.  But  in  liquids  they  arc  attached 
to  atoms,  and  the  pace  of  progression  is  known  both  theoretically  and 
experimentally  with  considerable  accuracy,  and  is  comparable  to  an 
inch  an  hour  for  customary  gradients  of  potential. 

The  total  current  is  n  c  a  ;  and  to  give  a  unit  c*g.s,  current  at  so 
low  a  speed  we  can  reckon  how  many  ions  there  must  be» 
For  t'  ^  lo"**  electromagnetic  units  ; 
so  if  we  take  u  =  io~-^  centimetre  per  second, 
llien    the  number   of  ions   engaged  in  conveying    the  c*g.s,  unit   of 
10  amperes  is  /i  — lo*^.     But,  after  all ,  this  is  nothing  very  great.     It 
is  only  about  the  number  of  atoms  in  a  cubic  centimetre  of  hquidj  and 
by  applying  a  greater  gradient  of  potential  the  ions  can  be  made  to 
ive  faster.     By  gradually  narrowing  down  the  section  of  a  liquid 
conductor  under  a  given  gradient  of  potential,  it  might  seem  possible  to 
i  evidence  of  an  approach  to  a  saturation-current-density  in  liquids. 
The  observed  accuracy  of  Ohm's  law '  under  such  conditions,  however, 
b  against  this  experimental  possibility. 

Conclusion. 

The  subject  is  very  far  from  exhausted,  but  1  must  not  attempt  to 
CO\'cr  more   ground.     The  most   exciting  part   of   the   whole  is  the 

*  mugcrald  MJid  Trutiionf  BriL  Assoc  Repertb,  lBB6,  imj,  iHftU. 
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cxplitiiiition  of  iiuittcr  in  tcrms»  of  electricity,  the  view  that  electricity 
is,  after  all,  the  fundainenUii  substance,  and  that  what  we  have  been 
accustomed  to  regard  as  an  indivisible  atom  of  matter  is  built  up  out  of 
it  ;  that  all  atoms — atoms  of  all  sorts  of  substances — are  built  up  of  the 
s;imc  thinj^.  In  fact  the  theoretical  and  proximate  achievement  of  what 
philosophers  have  always  sought  after,  viz.,  a  unification  of  matter. 
And  another  surprisinj^  and  suggestive  result  is  that  the  spaces  inside 
an  atom  are  so  enormous  compared  with  the  size  of  the  electrical 
nuclei  tliemselvcs  which  compose  it  ;  so  that  an  atom  is  a  complicated 
kind  of  astronomical  system,  like  Saturn's  ring,  or  perhaps  more  like  a 
^  nebula,  with  no  sun,  but  with  a  large  number  of  equal  bodies  possessing 
inertia  and  subject  to  mutual  electric  attractive  and  repulsive  forces  of 
great  magnitude,  to  replace  gravitation.  The  radiation  of  a  nebula  may 
be  due  to  shocks  and  collisions  somewhat  like  the  X-radiation  from 
some  atoms. 

The  disproportion  between  the  size  of  an  atom  and  the  size  of  an 
electron  is  vastly  greater  than  that  between  the  sun  and  the  earth.  If 
an  electron  is  depicted  :is  a  speck  one-hundredth  of  an  inch  in 
diameter,  Hke  one  of  the  full-stops  on  this  page  for  instance,  the  space 
aviiilable  for  the  few  hundred  or  thousand  of  such  constituent  dots  to 
disport  themselves  inside  an  atom  is  comparable  to  a  hundred-feet 
cube  ;  in  other  words,  the  atom  on  the  same  scale  would  be  represented 
by  a  church  i6o  feet  long,  80  feet  broad,  and  40  feet  high,  in  which 
therefore  the  dots  would  be  almost  lost.  And  yet  on  the  electric  theory 
of  matter  they  are  all  of  the  atom  that  there  is  ;  they  "  occupy "  its 
volume  in  the  sense  of  keeping  other  things  out,  as  soldiers  occupy  afi 
country;  they  are  energetic  and  forceful  though  not  bulky,  and  inl 
their  mutual  relations  they  constitute  what  we  call  the  atom  of  matter  ; 
they  give  it  its  inertia,  they  enable  it  to  cUng  on  to  others  which  come 
witliin  short  range,  and  by  excess  or  defect  of  one  or  more  constituents 
they  exhibit  chemical  properties  and  attach  themselves  with  vigour  to 
others  in  like  or  rather  opposite  case. 

That  such  an  atom,  composed  only  of  sparse  dots,  can  move  through  < 
the  ether  without  resistance  is  not  surprising.    They  have  links  of  ] 
attachment  with  each  other,  but  so  long  as  the  speed  is  steady  they  I 
have  no  links  of  attiichment  with  the  ether  ;  if  they  disturb  it  at  all  in 
steady  motion  it  is  probably  only  by  the  simplest  irrotational  class  of 
disturbance  which  permits  of  no  detection  by  any  optical  means.'    Nor 
do  they  tend  to  drag  it  about.    All  known  lines  of  mechanical  force 
reach  from  atom  to  atom,  they  never  terminate  in  ether  ;  except  indeed 
at  an  advancing  wave  front.    At  a  wave  front  is  to  be  found  the  reaction 
of  a  mechanical  pressure  of  radiation  whose  other  component  rests  on 
the  source.    This  is  an  interesting  but  essentially  non-statical  case,  and 
it  leads  away  from  our  subject. 

As  to  the  nature  of  an  electron  regarded  as  an  ethereal  phenomenon,,  w 
it  is  too  early  days  to  express  any  opinion.    At  present  it  is  not  clear- 
why  positive  electrons  should  cling  so  tenaciously  to  a  group,  while  an ' 
outstanding  negative  electron  should  readily  escape  and  travel  free. 

«  See  PhiL  Tram,  1893,  vol.  184,  pp.  750^754 ;  also  vol.  189,  p.  166. 
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^MTor  is  the  nature  of  gravitation  yet  understood.    When  tlie  electron  ■ 

^HUteory  b  complete  to  the  second  order,  or  some  higlier  iTcn  order,  of  ■ 

^Small  quantities,  it  is  hoped  that  the  gravitative  property  al^so  will  Ltll  ■ 

into  line  and  form  part  of  the  theory  ;  at  present  it  is  an  empirical  I 

fact  which  we  observe  without  understanding ;  as  has  been  our  pre-  I 

dicament  not  only  since  the  days  of  Newton  but  for  centuries  before.  I 

^^      Atteiition    lias  hitherto  been  chiefly   concentrated  on   the  freely'  I 

^BQOving  active  negative  ingredient, — the  more  slyggish  positive  charges  ,i  I 

Hbrc  at  first  of  less  interest,— but  the  behaviour  of  electrons  cannot  be  j'  I 

^Lfutly  and  properly  understood  without  a  knowledge  of  the  nature  and/  I 

I       properties  of  Ihc  positive  constituent  too,  ■ 

The  positive  electron  has  not^so  far  as  I  know,  been  as  yet  observed  ij^  I 

free.     Some  think  it  cannot  exist  tii  a  free  state,  that  it  is  in  fact  the  restp  ■ 

of  the  atom  of  matter  from  which  a  negative  nnit  charge  has  beenj  I 

removed  ;  or,  to  put  it  criideJy — that  **  electricity  "  repels  '*  electricity,'*  I  I 

and  *'  matter  "  repels   "  matter,*'   but  that   Electricity  and   Matter  In  I 

combination  form  a  neutral  substance  which  is  the  atom  of  matter  as  we  ■ 

know  it.     Such  a  statement  is  an  extraordinary  and  striking  return  to  I 

the  view^s  expressed  by  that  great  genius,  Benjamin  Frankhu-     On  any  ■ 

hypothesis  those  views  of  his  are  of  exceeding  interest,  and  show  once  H 

more  the   kind  of  prophetic  insight  which  we  have  had  occasion  to  H 

notice  in  discoverers  before  (Appendix  H  at>ove).      Undoubtedly  we  I 

^^are  at  the  present  time  nearer  to  the  view  of   Benjamin  Franklin  I 

^H^haa  men  have  been  at  any  intervening  period  between  his  time  and  H 

^Bduts.  ■ 

^V      The  view  that  an  atom  is  composed  of  an  equal  number  of  interleaved  ■ 

^^or  inter-revolving  positive  and  negative  electrons — to  which  it  will  have  I 

been  observed  I  m3'^self  tentatively  and  provisionally  incline — that  view  I 

is  not  Franklin's  ;  nor  is  it  as  yet  anything  but  a  guess.     To  make  it    ,  ■ 

more,  work  must  be  done  upon  the  nature  and  properties  of  the  positive  yf  I 

charge  ;  and  the  positive  electron,  if  it  exists^  must  be  dragged  expert-  I 

^^  mentaUy  to  light*  ■ 

^B      Especially  must  the  inner  ethereal  meaning  both  of  positive  and  ■ 

^■negative  charges  be  explained  :  whether  on  the  notion  of  a  right-and  left-  ■ 

^■handed  self-locked  intrinsic  wrcncli- strain  in  a  Kelvin  gyrostatically-  I 

^"  stable   ether,   at  present  tieing  elaborated   by  Larmor/    or  on  some  I 

hitherto  unimagined  plan.     And  this  %vin  entail  a  quantity  of  exploring  ■ 

cnathematical  work  of  the  highest  order.  ■ 

The  President  :  I  have  heard  the  suggestion  made  that  there  the 
might  be  one  or  two  people  in  this  Institntion  who  do  not  think  P'^^^'*'^'^*' 
electrons  are  things  worth  troubling  about,  but  we  must  remember 
that  the  suliject  which  has  been  dealt  with  to-night  is  the  very  Liasis  of 
modern  science.  The  question  of  electrons  is  to  us  by  far  the  most 
itnportant  question  of  the  day.  Electrons  are  hypothetical  bodies 
which  help  os  to  think  straight.  We  owe  a  great  debt  of  gratitude  to 
Sir  Oliver  Lodge  for  coming  here  to-night.  He  has  really  only  done 
his  duty,  because  it  is  the  duty  of  any  one  who  is— to  use  Sir  Oliver  s 

'  See  Ether  attd  Mtdt^t\  p*326  ;  or  Phil.  Tmtin.  i»94,  pp.  810,  811,  and  1897, 
pp.  209-^13, 
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own  expression—a  pioneer  of  Science,  to  come  and  help  other  people 
on  by  explaining  to  us  from  time  to  time  how  far  he  has  got.  But 
Sir  Oliver  Lodge,  in  addition  to  doing  his  duty,  is  able  to  do  his  duty 
exceedingly  well.  There  are  very  few  people  who  not  only  understand 
a  very  difficult  subject  but  who  also  can  translate  it  into  English. 
Some  time  ago  Jevons  remarked  that  the  elementary  edition  of 
Thomson  and  Tait's  "  Natural  Philosophy  "  was  quite  as  mathematical 
as  the  fat  volume  we  know  so  well.  What  he  probably  meant  was 
that  it  took  just  as  much  genius  (if  not  more)  to  write  an  apparently 
elementary  treatise  in  plain  EngHsh  as  it  did  to  write  a  book  using 
mathematical  expressions.  Sir  OHver  Lodge  is  admirable  in  his 
exposition  of  an  exceedingly  difficult  subject,  and  not  only  thiji 
Institution  but  the  whole  of  the  scientific  world  who  are  interested 
in  these  matters  owe  a  debt  of  gratitude  to  him  for  giving  us  a  paper 
which  will  enable  us  to  some  extent  to  get  our  knowledge  up-to-date 
in  the  most  important  branch  of  science  that  there  is  at  the  present 
time.  We  all  remember  Sir  Oliver's  Modern  Views  On  Electricity, 
That  book  is  going  to  be  something  like  the  Encyclopcvdia  Britannica  : 
it  is  going  to  have  supplements  from  time  to  time  bringing  it  up-to- 
date.  I  will  now  put  to  the  meeting  that  we  pass  a  cordial  vote  of 
thanks  to  Sir  Oliver  Lodge. 

The  vote  was  carried  by  acclamation. 

Sir  Oliver  Lodge  :  I  am  very  much  obliged  to  you,  gentlemen.  I 
would  also  like  to  express  my  thanks  to  Sir  William  Crookes  and  also 
to  Mr.  Gardner  for  having  taken  the  trouble  to  bring  the  apparatus  for 
the  purpose  of  illustrating  the  paper. 


The    President    announced    that    the    scrutineers    reported    the 
following  candidates  to  have  been  duly  elected  : — 


Members, 

Kay  Oscar  Arthur  Gulstad.         I      Wilfred  James  Lineham. 
Edward  George  Jones.  I      David  Reid. 

Arthur  Wilkinson  Whicldon. 


Associate  Members. 


Sydney  Ernest  Britten. 
Walter  Charles  Brown. 
William  Woodyer  Buckton. 
William  Edward  Beck  Dove. 
Alfred  Lindsay  Forster. 
George  Edward  Heyl-Dia. 
William  Mannox. 


Charles  Wheusa  NichoU. 
Henry  William  John  Peterson. 
Percy  Edward  Rycroft. 
William  Hugh  Smith. 
Gilbert  Richard  Spurr. 
William  Wharam. 
HBLtold  Langton  Tyson  Wolff. 


1902.] 


ELECTIONS. 


117 


Associates. 


Herbert  Bailey. 
Alfred  William  Bennis. 
Eric  Francis  Boult. 
Charles  Borthwick  Chartres. 
Harry  De  Pinna. 
George  Dixon. 
Henry  Benjamin  Dorrell. 
John  Francis  Edmonds. 
Alfred  Eve. 
John  Gilligan. 
Albert  Gray. 
Samuel  Barnes  Griffith. 
Louis  Thomas  Healy. 
Francis  Christian  Heritage. 
Archibald  Johnston. 
Louis  J.  Lawless. 
George  Catterall  Leach. 
Arnold  B.  Longden. 
William  McDonald. 
James  McLachlan. 

Robert  Ernest 


Warwick  Makinson. 
William  Henry  Merrett. 
Ernest  Henry  Mottram. 
Ernest  Holt  Owtram. 
Percy  Claude  Parker. 
Richard  Rigg. 
Ernest  Castle  Roche. 
John  William  Percy  Scott. 
William  Bellhouse  Scott. 
Charles  Henry  Shanan. 
Edward  Vernon  Flamank  Shaw. 
Hugh  Christopher  Silver. 
Albert  Smith. 
Thomas  Smith. 
James  Daniel  Stevens. 
Walter  William  Wakley. 
Frank  Walker. 
Harold  West. 
Cecil  Harington  Williams. 
James  Cooper  Wilson. 
Workman. 


Students. 


Nai  Barr. 

William  Blathwayt. 
James  Bollands,  jun. 
Richard  England  Brooke. 
Edward  Fisher. 
Victor  William  Gill. 
Jeremiah  Hague. 
Ralph  Hardy. 
Ralph  Pacey  Hulton. 


Philip  Vassar  Hunter. 
Philip  Henry  Keeling. 
Richard  Line. 
Thomas  Mason. 
William  Harry  Maystone. 
William  George  Perry. 
Ernest  William  Porter. 
Ernest  Byers  Thomas. 
Egerton  John  Ward. 


Reginald  Choldmeley  Campbell  Yates. 
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[Dec.  nth, 


The  Three  Hundred  and  Eighty-third  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution  of 
Civil  Engineers,  Great  George  Street,  Westminster,  on 
Thursday  evening,  December  nth,  1902 — Mr.  James 
Swinburne,  President,  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  December 
4th,  1902,  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  the  Institution  were 
announced,  and  it  was  ordered  that  these  names  should  be  suspended 
in  the  Library. 

The  following  transfers  were  announced  as  having  been  approved 
by  the  Council  : — 

From  the  class  of  Associates  to  that  of  Associate  Members. 


Augustus  Archer. 

Henry  Martin  Bayly 

Robert  John  Halliburton  Beaty. 

Harry  Jeffery  Bellow. 

Harold  Bentham. 

Herbert  Carpmael. 

Frederick  Samuel  Carter. 

Herbert  John  Coates. 
W.  J.  Coles. 

Arthur  Douglas  Constable. 
John  Frederic  Coote. 
Frank  Whinfield  Crawter. 
Jas.  Mountjoy  Elliott. 
James  S.  Enright. 
Louis  Henry  Euler. 
Oswald  Lofthouse  Falconar. 
Chas.  Walter  Fourniss. 
Archibald  John  French. 
Arthur  Thomas  Gordon-Smith. 


Wm.  Jas.  Grey. 

James  Hall. 

Sydney  Enoch  Hall. 

Patrick  Hamilton. 

Lionel  Edward  Harvey. 

Alfred  William  Hill. 

Frederick  Hutchins. 

Frederic  Osmond  Hunt. 

Julius  Pierpoint  Lawrence. 

Arthur  Hector  Lidderdale. 

Henry  A.  Lewis. 

Richard  Percy  Lovell. 

G.  A.  Maquay. 

William  C.  Martin. 

Alick  James  Newport- Kennett. 

Edwyn  S.  Pope. 

Douglas  Potter. 

William  Pearson  Richmond. 

George  Weston. 


Messrs.  F.  B.  O'Hanlan  and  A.  K.  Taylor  were  appointed  scruti- 
neers of  the  ballot  for  the  election  of  new  members. 

A  Donation  to  the  Library  was  announced  as  having  been  received 
since  the  last  meeting  from  Mr.  R.  T.  Atkinson,  to  whom  the  thanks  of 
the  meeting  were  duly  accorded. 

Tbe  following  paper  was  read  ; — 


FLEMING:  ELECTRTC  LAMPS. 


119 


THE    PHOTOMETRY   OF    ELECTRIC    LAMPS. 


By  Dr.  J,  A.  FLEMING,  M;A*,  F,R*S.,  Member,  Professor  of 
Electrical  Engineering  in  University  College,  London, 

Although  a  large  number  of  the  Members  and  Associates  of  this 
Institution  are  connected  with  electric  lighting,  and  therefore  unqiies* 
tionably  interested  in  the  efficienc}^  of  electric  Jamps  as  li^ht- producing 
agents,  it  is  somewhat  remarkable  tliat  in  the  last  twenty  years  wc  have 
bd  only  one  discussion  on  the  subject  of  Photometry/  We  have  hud 
many  papers  on  the  use  atid  physics  of  incandesce tice  and  arc-lamps. 
^  the  means  for  measuring  the  energy  supplied  to  them,  but  not  one 
eiclusively  devoted  to  the  processes  for  determining  their  photogenic 
^altie.  We  frequently  see  glow-lamp  efficiencies  expressed  in  figures 
running  to  two  decimal  places,  yet  it  needs  but  little  acquaintance  with 
the  subject  of  light-measurement  to  compel  an  admission  that  the 
probable  accuracy  of  the  determination  of  the  illuminating  power  is 
not  often  sufficient  to  justify  it* 

The  following  incident  in  this  connection,  which  came  under  the 

pergonal  notice  of  the  wTiter  a  few  months  ago,  is  significant,     A  certain 

firm  ordered  from  well-known  manufacturers  of  glow-lamps  some  special 

lamps  which  were  to  be  carefully  marked  for  volts  and  candle-power. 

These  lamps  when  de  live  red  were  submitted  to  another  testing  labora* 

lory  for  verification,  and  the  difference  betw^een  the  candle*powers 

affirmed  by  the  manufacturers  and  those  given  by  the  testing  laboratorj* 

amounted  in  some  cases  to  25  per  cent.     In  another  instance,  some 

lamps  were  brought  over  from  the  United  States,  which  were  stated  to 

tejGc.p.  at  a  certain  voltage.    They  were  sent  to  a  lamp  factory  in 

London  to  be  tested  for  candle-power  at  the  marked  voltages,  and  the 

t^ndie- powers  were  returned  in  all  cases  at  numbers  betw^een  1 8  and 

^9^   In  other   words,  there   was  a  diflference  of  about  20  per  cent. 

^tween  measurements  made  in  New  York  and  those  made  in  London. 

These  differences  may  have  been  to  some   slight  extent  due  to  the 

^^^h-ical   measurements,  but  there  is  no  question  that  the  principal 

part  of    the   error   was   in   the   photometric  determinations.      These 

fueasurements  %vere  not  made  by  careless  observers,  but  by  competent 

Pts-sous,  and   the  facts  show  that   no    excuse   is   needed  for  again 

^ringing  the  subject  of  the  photometry  of  electric  lamps  before  this 

ttislitution. 

If  such  variations  exist  in  the  case  of  incandescent  lamp  tests,  they 
indicate  that  many  arc-lamp  candle-power  and  efficiency  measure* 
^ents,  which  involve  all  the  difficulties  of  heterochromatic  photo- 
^letry,  may  be  even  more  uncertain  in  value » 

The  exact  marking  of  glow-lamps  with  their  actual  candle-power  is 
'^pOftant,  because  otherwise  comparisons  between  various  makes  of 

*  **  On  a  New  Form  of  Portable  Photometer;*  by  Sir  DavVd  &a\oniorL'a  V'wvfii 
^^^iierit  dlBcuasjmJf  ^mimal  ImL  Elec,  Eng.^  voL  22,  p.  1*^  ^i^^lV 
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lamps  arc  misleading.  In  the  case  of  arc-lamps  the  value  of  im- 
provements cannot  be  properly  estimated  if  one  of  the  factors  in  the 
efficiency  is  uncertain  within  wide  limits. 

The  subject  is  therefore  ripe  for  discussion,  and  the  more  so 
because  tlic  Metropolitan  Gas  Referees,  a  body  of  experts  appointed 
to  control  the  testing  of  London  gas,  not  long  ago  made  important 
alterations  in  the  official  methods  of  gas-light  photometry.  These 
changes  have  only  been  made  after  prolonged  inquiries,  hence  it 
is  most  desirable  that  electrical  engineers  should  be  acquainted  with 
these  methods,  and  that  gas  engineers  and  electrical  engineers  should 
be  in  agreement  at  least  on  the  one  subject  of  the  unit  or  standard  of 
light.  Moreover,  International  agreement  as  to  processes,  as  well  as 
standards  for  electric-light  photometry  is  required,  since  photometry 
when  the  lights  are  of  ver>' different  spectral  composition  is  complicated 
by  peculiar  difficulties,  and  hence  involves  the  means  of  measure- 
ment as  well  as  the  standards  of  comparison. 

The  subject  naturally  divides  itself  into  the  consideration  of — 

1.  Standards. 

2.  Processes  of  measurements. 

3.  Special  considerations  affecting  heterochromatic  photometry. 

4.  International  agreements  on  the  subject  of  standards  of  light  and 

processes  of  testing. 

I.  Standards. 

Whilst  the  sperm  candle,  six  to  the  pound,  burning  120  grains  of 
spermaceti  per  hour,  still  retains  its  position  as  the  legal  standard  in 
the  United  Kingdom,  owing  to  its  mention  in  the  Metropolis  Gas  Act 
of  i860,  and  the  Gas  Works  Clauses  Amendment  Act  of  187 1,  it  has 
been  practically  now  dethroned  from  the  position  it  has  long  unworthily 
occupied,  by  the  action  of  the  Metropolitan  Gas  Referees  in  adopting 
the  lo-candle  power  Vernon  Har court  Pentane  lamp  as  the  official 
light  standard  for  the  testing  of  gas.  We  need  not,  therefore,  spend  a 
moment  in  abusing  the  Parliamentary  candle.  It  has  been  extensively 
investigated  and  universally  condemned.'  Although  the  Gas  Referees 
have  no  jurisdiction  outside  London,  yet  some  large  towns,  such  as 
Birmingham,  Hastings,  etc.,  follow  their  lead,  and  probably  in  a  short 
time  the  use  of  the  sperm  candle  which  was  once  obligatory  in  gas- 
testing  will  have  entirely  ceased. 

In  spite  of  the  elaborate  specification  for  its  preparation  and  use, 
issued  by  the  Gas  Referees  in  England,  general  experience  shows  that 
candle  standards  of  any  kind  are  inferior  to  other  flame  standards  using 
a  liquid  fuel. 

'  For  an  exhaustive  criticism  of  the  "  candle  "  as  a  standard  of  light,  the= 
reader  may  be  referred  to  "  A  Report  on  Standards  of  Light  presented  to  the^ 
American  Institute  of  Electrical  Engineers,"  by  Prof.  E.  L.  Nichols,  anc^B 
Messrs,  C.  H.  Sharp  and  C.  P.  Matthews  (see  Trans.  Am,  Inst.  Elec.  Engm^  3 

vol.  8).    See  also  '^  A  Method  for  the  \3se  oi  §>V2L\vecaidC.2cwi\ft^  \u  Photometry," 

by  C.  H,  Sharp  (Physical  Review^  vo\.  3,  p.  <\5%^. 
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I  Tlie  same  remarks  apply  to  the  German  paraffin  candle^  the  so- 
called  **  Vereinskeoe  "  or  Associadou  candle,  once  the  official  standard 
in  that  country ;  defined  at  the  suggestion  of,  and  its  mode  of  use 
carefully  specified  by,  the  German  Association  of  Gas  and  Water 
Engineers;  but  now  displaced  by  the  Hefner  lamp,  which  has  t>ecome 
the  legal  standard  of  light  in  Germany. 

The  standards  of  Jight  or  illuminating  power  now  in  use  are  divided 
into — 

1,  Flame  standards. 

2.  Incandescence  standards. 

And  we  may  furthermore  divide  them  into   Primary  or   Reference 
standards  and  Secondary  or  Working  standards. 

The  flame  standards  which  have  been  exhaustively  investigated  up 
to  the  present  are  : — 

(a)  The  Colza  oil  or  Carcel  standard,  which  remains  the  official 
standard  for  gas- testing  in  France,  and  still  preserves  the  form 
given  to  it  by  Dumas  and  Regnauit. 

{b)  The  various  Pentane  lamps  of  Mr.  A.  G.  Vernon  Harcourt, 
F.R.S,,  w^dl  known  and  much  used  in  Great  Britain,  one  of 
which  is  now  the  official  standard  for  London  gas-testing. 

(f)  The  Amyl  Acetate  lamp  of  Herr  von  Hefner-Altcncck,  intro- 
duced in  18S4,  and  extensively  employed  in  Germany,  where 
it  is  the  legal  standard. 

Other  flame  standards  which  have  been  suggested  and  more  or  less 
used  are  :■ — 

(d)  The  Argand  coaUgas  flame  with  Methven  slit,  the  coal-gas 
being  sometimes  enriched  with  pentane, 

(e)  The  Benzene  and  Ether  flame  recommended  by  Dutch  Photo- 
metric Commission  in  1893. 

(/}  The  Acetylene  flame  standard  of  Charpentier. 

(fi)  The  Acetylene  and  Hydrogen  flame,  two  parts  acetylene  and 

one  part  hydrogen,  burnt  in  pure  oxygeUi  recommended  by 

the  American  Institute  of  Eicctrical  Engineers. 
(//)  The  Ethylene  flame^  consisting  of  pure  ethylene  burning  in 

pure  oxygen,  suggested  by  M,  At  Blondel. 
(i)  The  Albo-carbon  lamp,  burning  naphthalene,  proposed  by  M. 

Br  oca. 


It  is  generally  agreed  that  a  flame  standard  must  comply  with  three 
conditions  : — 

1.  The   combustible  must  be  of    constant  and  definite  chemical 

composition  easily  obtained  pure,  and  tested  for  purity  without 
difftcuUy* 

2.  It  must  be  burnt  under  simple  and  easily  controlled  conditions, 
3-  Unavoidable  changes  in  atmospheric  pressure  and  compo'Sato^ 

mtisi  not  affect  the  character  of  the  flame  sensMy, 
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Moreover,  it  should  be  capable  of  being  set  up  anywhere  and  be 
self-contained.  This  last  condition  rules  out  any  coaJ-gas  standard, 
even  if  experience  has  not  shown  that  the  Methven  screen  by  no  means 
renders  the  light  emitted  by  a  coal-gas  flame  independent  of  the 
composition  of  the  gas. 

Also  in  spite  of  the  fact  that  the  Colza  oil  lamp  has  maintained  its 
position  in  France  as  the  official  standard  of  light  for  the  greater  part 
of  the  century,  the  uncertain  composition  of  this  combustible  has 
prevented  its  adoption  in  other  countries.  The  three  flame  standards 
which  at  present  hold  the  field  are  : — 

1.  The  I -candle  Pentane  Reference  Standard,  introduced  by  Mr. 

A.  G.  Vernon  Harcourt  in  1877. 

2.  The  more  recent  lo-candle  Pentane  lamp  by  the  same  inventor, 

now  adopted  as  the   official   working  standard  by  the  Gas 
Referees,  brought  out  in  1898.' 

3.  The  Amyl  Acetate  lamp,  introduced  by  Herr  von  Hefner- Alteneck 

in  1884. 

Mr.  Harcourt's  work  on  Photometry,  which  has  extended  over 
nearly  thirty  years,  is  too  well  known  to  need  eulogium,  and  is  based 
upon  the  employment  of  pentane  as  a  standard  fuel.  This  very  volatile 
and  inflammable  liquid,  having  the  chemical  composition  CgHw,  is  the 
distillate  yielded  by  light  American  petroleum  after  three  distillations 
respectively  at  55"  C,  50°  C,  and  45°  C,  and  subsequent  treatment  with 
strong  sulphuric  acid  and  caustic  soda.  The  vapour  of  pentane  is  2*5 
times  heavier  than  atmospheric  air,  and  is  as  inflammable  as  ether. 
The  specification  for  its  preparation  and  testing  is  given  in  the  Gas 
Referee's  Notification  for  1901,  as  follows  : — 

*^ Preparation. — Lij^ht  American  petroleum,  such  as  known  as  Gasoline  and 
used  for  making  air-gas,  is  to  be  further  rectified  by  three  distillations,  at  55°  C, 
50*  C,  and  45°  C.  in  succession.  The  distillate  at  45°  C.  is  to  be'shaken  up  from 
time  to  time  during  two  periods  of  not  less  than  three  hours  each  with  one- 
tenth  its  bulk  of — 

(1)  Strong  sulphuric  acid. 

(2)  Solution  of  caustic  soda. 

After  this  treatment  it  is  to  be  again  distilled,  and  that  portion  is  to  be  collected 
for  use  which  comes  over  between  the  temperatures  of  25"  C.  and  40°  C.  It 
will  consist  chiefly  of  pentane,  together  with  small  quantities  of  lower  and 
higher  homologues,  whose  presence  does  not  affect  the  light  of  the  lamp. 

"  Testing. — The  density  of  the  liquid  pentane  at  15°  C.  should  not  be  less 
than  0*6235,  nor  more  than  0-626  as  compared  with  that  of  water  of  maximum 
density.  The  density  of  the  pentane  when  gaseous,  as  compared  with  that 
of  hydrogen  at  the  same  temperature  and  under  the  same  pressure,  may  be 
taken.  This  is  done  most  readily  and  exactly  by  Guy  Lussac's  method,  under 
a  pressure  of  about  half  an  atmosphere  and  at  temperatures  between  25**  C. 
and  35°  C.    The  density  of  gaseous  pentane  should  lie  between  36  and  38. 

"  Any  admixture  with  pentane  of  hydrocarbons  belonging  to  other  groups 

'  See  Proc.  British  Assoc,  Bristol,  iSq%, "  Ow  2t  io-ca.w6Nfc  laccsv^  to  be  used 
as  a  Standard  of  Light"  by  A.  G.  Vernotv  H^ttcowtV.,  Y.U.^. 
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and  having  a  lilgher  photogenic  value,  such  aa  betizene  or  amylene,  must  be 

fcvoided.    Their  presence  may  he  detected  by  the  foUowing  test :  Br  big  tulo 

L  stoppered  4-oz.  bottle  of  white  glass  10  c*c,  of  nitric  acid,  specific  )|rHvity 

1 1 "32  (made  by  diluting  pure  nitric  acid  with  half  itii  bulk  of  w;Uer),  add  1  c*c, 

of  a  dilute  solution  of  potassium  permanganate  containing  o' i  gram  of  per- 
anganate  in  200  c,c*     Pour  into  the  t>ottle  50  ex.  of  the  sample  of  pcntane, 

Tand  shake  strongly  during  hve  successive  periods  of  20  seainds.  U  no  hydro- 
carbons other  than  paraffins  are  present,  the  pink  culour^  though  somewhat 
pal^r,  will  still  be  distinct  ;  if  there  is  an  admixture  of  asi  much  as  J  per  cenL 
oi  amylene  or  benzene,  the  colour  will  have  disappeared." 

It  is  important  to  notice  these  precautions  as  to  testing  cannot  be 
dispensed  with.  Merely  to  write  to  a  wholc^c  chemist  for  pentanu, 
or  something  called  pentane,  and  then  tise  it  in  a  Harcoart  lamp  will 
I  not  result  in  the  reproduction  of  the  standard  of  light.  The  pentanc 
I  used  in  gas-testing  is  prepared  in  bulk  by  the  Gas  Com  pa  tiles,  and  is  then 
I  tested  by  the  Referees  and  supplied  in  sealed  cans  to  the  Gas- Testing 
I  Stations,  which  arc  cnder  the  control  of  Dr.  F,  Clowes,  the  Chemical 
I  Adviser  of  the  London  County  Councilj  and  Prof.  Vivian  B.  Lewxs,  tbe 
L  Gas  Examiner  for  the  City  Corporation/ 

H    Mr.  Vernon  Harcourt  has  devised  at  various  times  five  forms  of  lamp 

r  for  burning  pentane,  three  of  them  being  i-candle-power  standards, 

and  Iwo  of  them  lo-candle- power  standards.     The  most  important  at 

the  present  time   is  the  r*candle-power  standard  which  was  intro- 

duced  by  him  to  the  British  Association  at  Plymouth  in  1877."    The 

burner  of  this  lamp  consists  of  a  brass  tube  4  inches  long  and  i  inch  in 

diameter,  having  a  brass  plug  half  an  inch  thick  at  the  top,  with  a  bole 

h:&l  in  it  a  quarter  of  an  inch  rn  diameter.     Round  the  burner  is 

pLxced  a  glass  chimney  6  inches  high  and  2  inches  in  diameter,  the  top 

of  wliich  is  level  w*ith  the  top  of  the  bttrnen    Air  enters  through  holes 

I      ^fl  the  gallery  on  which  the  chimney  stands,  and  rises  up  round  the 

flame.     A  piece  of  platinum  wire  0*6  mm.  tn  diameter  is  supported  by 

^  bracket  63*5  mm.  above  the  top  of  the  burner.     The  combustible  used 

^ith  this  burner  is  a  mixture  of  pentane  vapour  and  air  in  the  propor- 

pQn  of  3  cubic  inches  of  pentane  to  i  cubic  foot  of  ain    This  mixture 

'^  made  in  a  gas-holder  in  the  proportion  of  9  cubic  inches  of  pentane 

^^d  3  cubic  feet  of  air,  and  after  standing  should  have  a  volume  at  a 

**^rometric  pressure  of  30  incbeSj  and  a  temperature  of  62*  F.  of  4  cubic 

*^ct,  or  more  eicactly  between  4'02  and  4*1  cubic  feet.     This  mixture  is 

^Urned  in  the  above  jet  at  the  rate  of  half  a  cubic  foot  per  hour,  or  at  a 

*"^te  not  exceeding  the  limits  of  0*48  and  0-52  cubic  foot  per  hour.     The 

^ir-gas  passes  through  a  small  meter  and  governor  on  the  way  to  the 

-J  ^^t    The  height  of  the  flame  is  regulated  by  a  delicate  stopcock  to  he 

^"5  inches  high,  or  just  to  touch  the  platinum  wire. 

'  Mr,  Vernon  Harcourt  has  informed  the  author  that  tbu'?  Standard  Pentane 
^^nbe  procured  from  Mr,  S.  E.  Miller,  of  ri5,  Cowley  Road,  Oxford,  who  has 
*J^ experience  under  Mr,  Harcourt's  direction  in  making  it*  Messrs.  Wright 
J^  Cokj  of  Precision  Works,  Page  Street,  Westminster^  who  supply  the  latest 
''^nn  of  lo-candle  Pentane  Lamp,  have  also  undertaker*  to  put  on  sale 
standardized  pentane  complying  with  the  above  specibcation. 

'  See  Pwc.  Brit  .4.Tji?r.,  Flvmouth,  187^,  p.  51,  See  also  Proc.  Brit.  Assoc., 
^<3ti\hpQi%  iSSSf  Pr  426;  ^Tjd  Prac.  Brit  Assoc.,  Bristolj  iftgS,  p.  %^S, 
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This  adjustment  needs  care,  and  in  doing  it  the  observer's  eye  should 
be  screened  from  the  general  mass  of  the  flame  and  see  only  the  tip. 
When  these  operations  are  performed,  we  have  a  yellow-white  flame 
produced  which  }'ields  a  light  equal  to  the  mean  British  Standard 
candle,  but  is  much  more  constant.  It  need  hardly  be  said  that  this 
Pentane  lamp  has  to  be  used  in  a  suitable  position  with  good  ventila- 
tion, but  free  from  draughts,  and  there  are  certain  corrections  to  be 
applied  for  variations  in  the  atmospheric  pressure  and  moisture  and 
carbonic  dioxide  present  in  the  air. 

The  effects  of  variations  in  the  hygrometric  state  of  the  air  and  of 
barometric  pressure  on  the  Pentane  flame  have  been  investigated  by 
Liebenthal  and  by  Mr.  Harcourt.'  The  latter  states  with  reference  to  the 
i-candle  Pentane  standard  that  the  height  of  the  cone  of  flame  varies 
inversely  as  the  barometric  pressure,  and  he  gives  the  following  rule  for 
the  correction  of  standard  heights  of  flame.  The  standard  height  of 
flame  for  which  the  emitted  light  is  equal  to  one  candle  is  63*5  mm.  at 
30  inches  barometric  pressure,  and  for  every  tenth  of  an  inch  above  or 
below  30  inches  the  flame  must  be  set  an  equal  number  of  fifths  of  a 
millimetre  below  or  above  63*5  mm.  Hence  when  the  barometer 
stands  at  30*5  inches,  the  height  of  flame  to  give  one  candle  is 
62-5  mm. 

Liebenthal '  examined  the  effect  of  water  vapour  on  the  Harcour^ 
I -candle  lamp  with  wick,  and  found  that  its  luminous  intensity  in  term 
of  the  Hefner  unit  (see  below)  was  expressed  by  the  formula  : — 

L  =  1-232  (i  —  0-0055  ze;), 

where  w  is  the  number  of  litres  of  water  vapour  in  each  cubic  metre  ^ 
dry  air.    The  .formula  holds  good  between  4  and  18  litres. 

Also  he  investigated  the  effect  of  atmospheric  pressure,  and  stat 
that  the  change  in  the  illuminating  power  of  the  Pentane    lamp 
expressed  by  the  rule  : — 

A  L  =  0*00049  (H  —  760), 

where  A  L  is  the  variation  of  light  corresponding  to  a  barometric  hei^^ 
of  H  millimetres.  Thus  an  increase  of  40  mm.  in  pressure  results  isc 
variation  of  the  light  of  2  per  cent. 

These  experiments  were  made  with  a  form  of  portable  i-can-^ 
Pentane  lamp  which  was  brought  out  some  time  ago,  and  sometiiiKr 
called  the  Woodhouse  and  Rawson  pattern,  from  the  names  of  a  fU 
who  sold  it.  The  writer  is  not  aware  whether  particular  experim^  - 
have  yet  been  made  to  determine  the  effect  of  variations  of  atmosphe^? 
pressure,  carbon  dioxide,  and  moisture  upon  the  luminous  intensity^ 
the  official  lo-candle  chimneyless  Argand  Pentane  Lamp  descrifc^ 
above.  It  appears  desirable,  however,  that  this  information  should 
obtained,  in  view  of  the  adoption  of  the  lamp  as  a  standard  by  the  ^^ 
Referees. 

It  will  not  be  necessary  here  to  describe  in  great  detail  all    *^ 

'  See  Proc.  Brit.  Assoc.y  Aberdeet\,  iSS^. 

'  E/cctrotechnische  Zeitschrift^  ^oii.  -5,  p.  ^v^^,  ?ccv^nqV  ^> v-  '^^- 
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emtioas  of  reproducing  a  standard  of  Light  wiUi  this  Pentioe  Luiip. 

The^e  can  be  obtained:!  from  the  numerous  reports  and  descripltans  <d 

it  wiiich  have  already  been  given.    Alter  carcrfut  iavestigation,  iU  u^sc 

ms  recommended  by  a  Committee  of  the  Board  of  Trade  in  i88i,  aod 

by  the;  Standards  of    Light  Committee  of    the  British   Association  in 

iMS.    This  last  committee  reported  that  the  Pentane  standard  fullilled 

;ill  tlie  conditions  required  in  a  standard  of  light     They  found  that 

tbc  light  was  not  altered  by  slight  variations  in  the  specific  gravity 

of  the  pentane  varying  between  0*62^  and  0-652.    Out   of   117  tesits 

only  one  showed  a  variation  of  i  per  cent.,  and  there  were  no  larger 

variations.     It  has  been    demons Irated,  therefore,  that  tbis  standard 

iffords  a  means   of  reproducing  with  an  accuracy  of    1    per  cent-  a 

tight  which  represents  fairly  the  ideal  mean  British  standard  candJc, 

The   necessity    for  employing   the   gas-holder,  nieter^   governor,  and 

lotker   checking  appliances   renders   this   lamp    more    suitable   for  a 

ipruiiary    refererice    standard   than   a    working   standard.    These    List 

lobjeclionSj  however^  have  been  removed  in  the  latest  form  of  Har court 

I  Pentane  Lamp,  which  is  the  one  mentioned  as  now  adopted  by  the 

I  Gas  Referees.    A  full  description  of  this  lamp  is  given  in  tlie  notihca- 

ftion  of  the  Gas  Referees  for  190 1,  Appendix  A  ;  and  also  in  a  paper  by 

Bn  F.  Clowes,  Superintending  Gas  Examiner  of  the  London  County 

Council,  in  the  'Journal  of  ike  Society  o*  Chemical  induslfyj  March  15, 

1902,  No,  5,  vol,  21, 

This  lamp,  which  ts  exhibited  on  the  table  before  you^  has  a  reservoir 
called  ^3  saiurafort  which  contains  pentane  placed  at  the  top  of  a  hollow 
piUar,     The  reservoir   has  two  openings  closed  by  stopcockSt  one  to 
admit  ail'  and  the  otiier  as  an  exit  for  pentane  vapour.    The  pentane 
vapour  descends  through  an  india-rubber,  tube  by  its  own  weighty  being 
syphoned  off  from  the  space  above  the  liquid  pentane  in  the  reservoir. 
iLisk^d  down  into  an  Argand  burner  at  tKc  base  of  the  pillar-     Over 
Ihii  ia  a  double  metallic  chimney.    The  air  supplied  to  the  centre  of 
ilk  burner  is  drawn  up  between  two  concentric  chimney  tubes  and  led 
down  the  pillar  to  the  burner,  as  shown  in  the  diagram.     Hence  the 
*craagement  forms  a  sort  of  regenerative  burner*    The  chimney  comes 
down  to  within  a  distance  of  47  mm.  above  the  steatite  ring  burner^  the 
proper  gap  being  determined  by  a  boxwood  gauge.    The  chimney  cuts 
off  the  top  of  the  flame>  and  there  is  a  mica  window  in  the  chimney 
through  which  to  observe  the  height  of  the  tip  of  the  flame*    The  flanic 
i&  moreover  surrounded  by  a  conical  metallic  shield  with  an  opening  in 
il.  This  lamp  is  managed  with  great  ease*     All  that  is  necessary  is  to 
pui  into  the  reservoir  a  pint  of  pentane,  and  then  to  open  both  stop- 
cocks and  after  a  few  moments  to  light  the  jet  of  vapour  at  the  burner, 
aitd  regulate  How  of  air  and  vapour  by  the  stopcocks  until  the  tip  of  the 
^me  is  seen  at  the  middle  of  the  mica  window*     When  so  adjusted » 
the  Limp  gives  a  light  Iqu  times  that  of  the  i-candle  Pentane  Standard, 
*ttd  h  taken   as   the  oflicial  standard  of    lo-candle  light  by  the  Gas 
torei^^sj*     It  is  necessary  to  adjust  the  height  of  the  flame  somewhat 
txuctly^  and  to  wait  for  the  Umip  to  settle  down  to  an  uniform  temper- 
*lure  before  beginning  observations. 
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The  following  is  the  official  description  of  the  lamp  given  by  tlj 
Gas  Referees  in  their  notification  for  November,  190 1  •— 

"  Mr.  H  arc  on  rt't^  Ten -Candle  Fentane  Lnmp  is  one  in  ^vhich  air  is  saturab 
with  pentane  vapour,  the  air-gas  so  formed  descendii:i^  bj^  \U  gravity  to  a 
steatite  ring-burner.    The  flame  is  drawn  into  a  definite  form,  and  the  top 
it  h  hidden  from  view  by  a  long  brass  ehimney  above  the  steatite  hurntr.  Tl 


I 


Fig.  1. — Vkknok  Harcourt  Pentane  Ten- Candle  Lancf. 


chimney  is  surrounded  by  a  larger  brass  tube,  in  which  the  air  is  wanned 
the  chimney  J  and  so  tends  to  rise.     This  makes  a  current  which^  descending 
through  another  tube,  supplies  air  to  the  centre  of  the  steatite  ring.     No  glass 
chimney  is  required,  and  no  exterior  means  have  to  be  employed  to  drive  the 
pentane  vapour  through  the  burner. 

'  The  author  is  indebted  for  permission  to  make  use  of  the  block  of  Fig.  r 
to  the  editor  of  the  Jountal  of  Gas  Lightitig^  and  acknowledgment  is  here 
gladly  rendered  for  tiie  courtesy. 
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*'  Fig.  I  shmvs  the  general  appearance  of  the  lamp.    The  satumtor  A  is  at 

^^tarting  about  t\\  o-Uiirds  full  ^vith  peniane.   It  should  be  repknislicd  from  liui€ 

^Bo  time^  so  that  the  height  of  Hqiiid  as  seen  against  the  windows  may  nol  fall 

^fteiaw  one-eighth  of  an  inLh.     The  satiirator  A  is  connected  with  the  burner 

^B  by  means  of  a  pit'cu  of  u  ide  india-rubber  tube.    The  rate  of  flow  of  the  gas 

^cau  be  regulattsd  by  the  stopcock  S^,  or  by  checking  the  ingress  of  ;iir  at  S,» 

For  this  latter  purpose^  a  metal  cone^  acting  as  a  damper,  is  suspended  by  its 

apex  from  one  end  of  a  lever  lo  the  other  end  of  which  is  attached  a  thread 

for  moving  liie  cone  up  or  down.    The  lever  ts  supported  by  an  upright  ann 

clamped  to  Ihe  upper  end  of  the  stopcock  immediately  lieneath  the  cone. 

From  the  top  of  the  lamp  ttie  thread  descends  to  a  small  pulley  i>n  the  tahk% 

aud  thence  passes  horiaiontally  to  the  end  of  a  screw  moving  in  a  mnAU  block, 

by  turning  which  the  gas  examiner  cim  regulate  the  lamp  vdthout  leaving  his 

stilt*    It  is  best  so  to  turn  the  stopajck  S^  as  to  allow  the  fiame  to  be  definitely 

»ton  high|  hut  not  lo  turn  it  full  on  before  letting  down  the  regulating  cone  to 
its  working  position.  Byth  stopoxJcs  should  be  turned  off  when  the  lamp  is 
not  alight, 
**The  chimney  tube  CC  should  be  turned  so  that  no  light  passing  through 
Ihe  micii  window  near  Its  base  can  fall  upon  the  pholopetl.  The  lower  end 
of  this  tube  should^  w^hen  the  lamp  is  cotd^  be  set  47  millimetres  above  the 
^ttatite  ring-burner.  A  cylindrical  boxwood  gange^  47  millimetres  \n  length 
atid  33  in  diameter,  is  provided  with  the  lamp  to  facilitate  this  adjustment. 
The  exterior  tube  D  commtinicates  with  the  interior  of  the  ring-burner  by 
means  of  the  connecting  box  above  the  tube  E,  and  the  bracket  F^  on  which 
the  burner  B  is  supported  (see  sectional  diagmm,  Fig.  ])*  A  conical  shade  G 
k  provided.  This  should  be  placed  so  that  the  vvhole  surface  of  the  flame 
beneaih  the  tube  C  may  be  seen  at  the  photo ped  through  the  opening. 

"The  lamp  should  be  adjusted  by  its  leveHing  screws  so  that  the  tube  E^  i\& 
tested  with  a  plumb-line,  is  vertical,  and  so  that  the  upper  surface  of  the 
steatite  burner  is  353  millimetres  from  the  table.  A  gauge  is  provided  to 
lacilitate  this  latter  measurement.  The  tut^e  C  is  brought  centrally  over  the 
humer  by  means  of  the  three  adjusting  tjcrews  at  the  base  of  the  tube  D* 
This  adjustment  is  facilitated  by  means  of  the  tfoxwood  gauge, 

*'  When  the  lamp  is  in  use,  the  stopcocks  are  to  be  regulated  so  that  the  tip 
o(  the  fJame  is  about  halfway  betw^een  the  bottom  of  the  mica  window  and 
the  cross-bar,    A  \'ariaUon  of  a  quarter  of  an  inch  either  way  has  no  material 

Imflucnce  upon  the  light  of  the  flame.  The  saturator  A  should  be  placed  upon 
Hie  bracket  as  f;ir  from  the  central  column  as  the  stop  at  the  end  will  allow, 
^nt  is  found,  after  the  lamp  has  been  lighted  for  a  quarter  of  an  hour,  that  the 
loidency  of  the  flame  is  to  become  low*er,  the  saturator  may  he  placed  a  little 
JH^itrtrr  the  central  column, 
*'  To  prevent  a  gradual  accumulation  of  dust  in  either  die  burner  or  the  atr- 
J^ssagej  a  t^mah  cover  of  the  size  of  the  top  of  B  and  shaped  like  the  lid  of  a 
pill  box,  should  be  kept  upon  the  lamp  when  not  in  use*" 
This  latest  pattern  of  self-contained  Peutane  lamp  is  altogether 
Superior  as  a  standard  to  the  r-candle- powder  Penlane  lamp  with  a 
^ck,  which  w*as  brought  out  some  years  ago  to  meet  the  requirements 
^  a  working  standard. 

For  comparison  with  glo%\*-lanips,  a  10  c.p.  standard  is  a  more  con- 
Tfenient  unit  than  i  c.p*,  and  moreover^  the  earlier  forni  of  i  c*p,  lamp 
Willi  a  wick  was  more  trouble  to  start  in  action  and  had  other  defects, 
v^kich  are  absent  in  the  10  C.p*  standard. 
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An  important  point  in  connection  with  this  ro-candle  Standard 
that  it  requires  and  has  no  glass  chimney.  Other  Pcntane  himps  have ' 
been  produced  in  which  a  glas^  chimney  is  employed,  but  this  feature 
always  introduces  an  element  of  uncertainty  into  the  working  of  any 
standard  of  light.  Moreover,  the  light  from  the  top  of  the  flame  is  cnt 
off  by  the  metal  chimney,  and  this  probably  contributes  to  prevent  the 
light  emitted  being  influenced  by  normal  variations  of  atmospheric 
pressure  so  much  as  is  the  case  with  open  flame  lamps*  The  light  is, 
however,  affected  bvthe  presence  of  water  vapour  and  carbon  dioxide  ^h 
in  the  air,  as  in  the  case  of  all  other  flame  standards,  ^M 

The  third  flame  standard,  which  has  come  into  very  general  use, 
and   is   especially  popular   in   Germany,   no   doubt   on  account  of  its 
German  origin,  is  the  so-ciiHed  Hefner  Lamp,  which  was  introduced 
by  Herr  von  Hefner-Alteneck  in  1884/    This  well-known  lamp  con- 
sists of  a  small  metal  body  containing  the  combustible,  and  from  out  of 
it  a  metal  tube  made  of  German  silver,  containing  the  wick,  rises.     The  _ 
tube  is  8  mm*  inside  diameter^  and  8-3  mm,  outside  diameter,  and^H 
25  mm.  high.    The  wick  is  formed  of  strands  of  cotton  yarn.     Separate^ 
threads  to  the  number  of  15  or  20  are  laid  together  straight,  not  twisted, 
until  the  si^e  of  wick  is  sufficient  to  hll  up  the  tube  without  squeedng. 
The  exact  number  of  strands  is  not  of  great  consequence,  and  only 
affects  the  height  of  the  flame.     By  means  of  a  simple  rack  mechanism 
the  wick  is  moved  up  and  down  so  as  to  alter  the  flame  height,  and  by 
means  of  a  small  rod  fixed  at  the  top  of  the  lamp  carrying  two  me  tat 
sigtits,  the  flame  can  be  adjusted  to  be  exactly  of  the  standard  heiglit^— 
of  40  mm.  ^M 

The  material  burned  in  the  lamp  is  Amyl  Acetate  CyHi^O^.  The^^ 
quantity  of  the  combustible  in  the  lamp  does  not  matter  as  long  as  all 
the  lower  ends  of  the  wick  are  weU  immersed.  The  wick  should  be 
trimmed  square  at  I  he  top  of  the  tube,  and  after  filling  the  lamp  it 
should  be  allowed  to  burn  ten  minutes  before  adjusting  the  11a me  and 
making  the  measurement. 

It  was  claimed  by  the  inventor  that  the  absolute  purity  of  the  Amyl 
AcctiUe  was  not  of  very  great  importance;  but  this  has  lieen  lately 
denied,  others  asserting  that  it  is  essential  to  use  chemically  pure  Amyl 
Acetate, 

Tlie  lamp  is  used  without  a  cliimney,  and  as  the  flame  is  very  lam- 
bent or  mobile,  it  must  be  carefully  protected  from  draughts.  The 
luminous  intensity  of  tills  flame  is  less  than  that  of  a  British  Standard 
candle.  Measures  of  the  ratio,  how^ever,  made  by  different  observers 
do  not  agree  very  well.  Table  L  (p*  129)  is  taken  from  a  preliminary 
report  of  a  Sub- commit  tec  of  the  American  Institute  of  Elect  rica^^J 
Engineers  on  Standards  of  Light,  issued  in  1896.'  ^1 

The  variation  in  the  valne  of  the  ratio  is  partly  due  to  the  uncertain 
value  of  the  British  Pariiamentary  Candle,  and  partly  to  persojial  errors, 
but  also  to  the  different  methods  of  comparison  adopted,  affecting  the 
ratio  in  consequence  of  the  difference  in  the  quality  of  the  two  lights 


'  Etckhvtcdtfiischc  Zcikdirift^  vol.  3,  p,  445,  and  vol.  5,  p*  20. 
*  See  Trauuidwu^  of  ike  Amt-r.  InsL  oJEUc.  Etig.j  voh  13,  1896, 
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TAHLE  L 

Ratio  nf  the  Hcfnfrf 

CMiserv«r.  Vmt  bf  the 

BrU(»h  Cniidli«, 
Sharp,     From  observations  against  Standard  Candles 

reduced  ff ir  rate  of  burn* Ji;^    ....-*.„  - ., »  O'B/i 

Sharp.    From  ob^en^ations  against  Standard  Candles 

reduced  for  flame  height,. .,,,.,,...»„*... »*...»*.  O'Sqj 
Sharp  and  Turnbull.    Frnm  observations  with  the 

bolometer  and  candles  ...*..., -,,,...,*,>, .**.*>»  0*98 

Viou.K „ , .„  Di>8 

RivicHSANSTALT  rxvESTifiATiaxs.     Mean  value    0876 

Netherland  Photometry  Commission   .*..,. o'v>i 

S.  ScHiELE.    Mean  value  .,..*,.., nS>1i 


compared.  The  most  probable  value  appears  to  be  o'88.'  H  enee  we  may 
reasonably  assume  that  luminous  ititensities  expressed  in  Hefner  units 
Iiave  to  be  multiplied  by  088  to  reduce  them  to  their  equivalent  in 
British  Standard  Candles. 

The  chief  objection  that  has  always  been  raised  (in  countries  other 

than  Germany)  to  the  use  of  the  Hefner  Lamp  as  a  standard,  h  the 

r'eddi^h   character  of  the  light.     In  this  respect  it  compares    very 

iinfavourably  with  the  Harcourt  locandic  Pentane  Lamp^  the  light  of 

^vhich  is  comparable  in  quality  with  that  of  a  glow-lamp  working  at 

bout  3  wattf  per  candle-power.     In  otlier  words,  the  Pentane  flame  is 

it  a  temperature  nearer  to  that  of  the  |^low-lamp  filament  when  in  use. 

The  employment  of  the  Hefner  Lamp  as  a  means  of  standardising  glow 

lamps  w^hen  used  at  the  ordinary  efficiencies,  gives  rise  to  the  difficul- 

t:ies  of  heterochromatic  photometry,  to  which  ailusion  will  be  made 

resently.      Its  use  m  arc-lamp  photometry  is  out  of    the  question, 

his  lamp  has  been  very  carefully  investigated  by  LiebcnthaU''     He 

died  the  effect  of  water  vapour,  and  carbon  dioxide  in  tbe  atmo- 

phere,  on  the  liuninocs  intensity  of  the  lamp.     If  i£'  represents  the 

volume  of  water  vapour  in  litres  per  cubic  metre  of  dry  air,  then  the 

light  (L)  of  the    Hefner  Lamp  is  expressed  by  the  following  linear 

function  :— 

L  =  ro49  (I  —  00053 ^')' 

The  formula  holds  good  between  3  and  r8  Utres  of  whaler  vapour  per 
cubic  metre*  The  light  of  the  Hefner  Lamp  decreases,  Iherefore, 
I  about  05  per  cenL  per  litre  of  water  vapour,  and  has  a  value  equal  to 
tmity,  when  8*8  litres  of  water  vapour  per  cubic  metre  of  dry  air  are 
present  in  tbc  atmosphere,  according  to  the  regulations  of  the  Berlin 
ricichsanstalt. 

Taking  the  average  variation]^  of  moisture  in  the  air  from  month  to 
*Uonlh,  we  find  that  this  implies  a  variation  of  about  4  per  cent»  in  tbe 
^J    ^llil  between  the  T¥et  and  dry  seasons  of  tbe  year. 

Ag^in,  if  f  represents  the  quantity  of  carbon  dioxide  present  in  the 

s^_M  ^  Ttii's  is  the  value  taken  in  a  Specihcation  for  the  supplv  of  Glow  Lamps, 
^4  by  the  General  Post  Otike.  (See  a  paper  by  Sir  W.  H.  Preece, 
J;R.S.,  *  n  "  Efectric  Glow- Lamp  Tests/'  Proi.  Brit.  Assoc.,  Liverpool,  1896^  or 
^'  -  p.738.  1896.J 

'1  Abstriifis  voh  I,  ahs,  501  ;  Ehkirakchnlschc  Ztitsclmjl, 
icH  p.  f-'jS  i  ^^  ^ii^^ri/i/tir  Imtntmcnknk.^  voL  15,  p.  IS7»  ^*^^' 
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atmosphere  in  litres  per  cubic  metre,  then  the  luminous  intensity  L  is 
expressed  by  the  following  formula  : — 

L=  I-OI2  (i  —  0*0071  c). 

Also  slight  variations  in  the  height  of  the  flame  have  a  great 
influence  on  the  luminous  intensity.  If  //  is  the  height  of  the  flame  in 
millimetres,  then  the  luminous  intensity  L  is  expressed  by  the  following 
linear  functions  : — 

L  =  (i  +  0-025  (//— 40) ), 

L  =  (i  —  0-030  (40 —  //) ). 

according  as  //  is  above  or  below  40  mm.     A  change  of  i  mm.  in  the 
height  of  the  flame  creates,  therefore,  a  3  per  cent,  change  in  the  light. 
Finally,  variations  in  atmospheric  pressure  affect  the  light  given  bjr 
the  lamp.     Between  735  mm.  and  775  mm.  barometric  pressure  th<**-— 
light  variation  may  be  expressed  by  the  following  formula  : — 

A  L  =  000011  (H  —760). 

Where  A  L  is  the  change  in  the  value  of  the  light,  corresponding  to  a 

barometric  height  of  H  mm.  This  represents  a  variation  of  o'l  pe=^  er 
cent,  for  10  mm. 

Unless  all  these  corrections  are  applied,  the  luminous  intensity  c^  oi 
the  Hefner  Lamp  is  uncertain  within  limits  greater  than  those  whicii^  .ch 
can  easily  be  determined  photometrically. 

The  effect  of  carbon  dioxide  in  the  atmosphere  on  the  luminosity 
important.  A  change  of  i  litre  per  cubic  metre  of  air — that  is  to 
a  variation  of  i  part  in  1,000 — affects  the  intensity  of  the  light  07  p 
cent.  Hence  it  is  quite  clear  that  in  badly  ventilated  rooms  or  roon 
where  many  people  are  gathered  together,  carbon  dioxide  will  f 
present  to  an  extent  which  materially  influences  the  light  of  t~ 
lamp.' 

Turning,  then,  next  to  the  subject  of  Incandescence  Standards  of 

Light,  we  may  say  that  the  only  practical  standards  of  this  descripti-^Kon 
which  have  been  evolved,  are  those  in  which  either  platinum  or  carbcmDon 

heated  to  a  high  temperature  is  employed.     The  platinum  standa ^"ird, 

suggested  by  M.  Violle,  was  adopted  as  an  International  Standard^^H  at 
the  Paris  Congress  of  Electricians  in  1884.  M.  Violle  proposed  in  i^^-  881 
to  define  the  unit  of  light  as  the  light  radiated  normally  from  one  squ  — «are 
centimetre  of  platinum  at  its  melting-point.  The  International  C-  — on- 
gress  of  Electricians  in  1889  adopted  the  proposal  that  the  pract^^^ical 
unit  of  light  should  be  one-twentieth  part  of  the  Violle  Platinum  u  —  ^it. 
This  sub-division  was  called  the  bougie  dccimaley  this  last  term  be:==in^ 

the  name  for  the  tenth  part  of  the  carcel ;  the  platinum  unit  hav '^^g 

been  found  by  M.  Violle  to  be  nearly  equal  to  two  carcels.  Objecti—  ^>fls  i 
have  been  raised  to  the  platinum  unit  on  several  grounds.  In  the  ^E^rst  ^ 
place,  a  very  large  mass  of  expensive  metal  is  necessary,  and  the  ipmr^c-      i 

'  For  a  series  of  curves  showing  the  variation  of  the  Hefner  Lamp  \7v//Zf      jj- 
barometric  pressure  and  moisture,  see  th^  Electrical  RaieWj  vol.  42,  p.   yS9t 
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tial  difficulties  in   carrying  oat  the  photometric   comparison   with 

secoodan^  standards  were  found  to  be  considerable.  An  attempt  was 
imde  at  tlie  Reich  sans  talt  in  Berlin  to  reproduce  the  VioUe  Standard, 
but  apparently  with  no  very  great  «i»ucccss»  and  the  British  Association 
Committee  on  the  Standards  of  Light  in  their  Report,  presented  in 
188B,  stated  that  they  consider  that  this  standard  was  not  a  practical 
standard  of  light,  although  they  w^ere  prepared  to  accept  it  as  the 
<3cfinitrort  of  a  unit.  The  meaning  of  this  decision  is  not  very  clear. 
Since  that  date,  however,  a  long  research  has  been  carried  on  at  the 
Davy- Faraday  Laboratory  in  189^  by  Mr.  J,  E.  Petavel^  who  made  the 
Tiollc  unit  the  subject  of  a  careful  investigation/  The  first  operation 
is  to  melt  a  large  mass  of  pure  platinum,  by  means  of  the  oxy -hydrogen 
Wow-pip e^  in  a  time  crucible.  Mr*  Petavel  came  to  the  conclusion  that 
tije  essential  conditions  of  success  for  the  reproduction,  by  the  use  of 
J^olten  platinum,  of  a  constant  standard  of  light  are  that : — 


1.  The  platinum  must  be  chemically  pure* 

2.  The  mass  of  it  sliould  not  l>e  less  than  500  grams, 

3.  The  crucible  must  be  made  of  pure  lime. 

4.  The  hydrogen  burned  must  contain  no  hydrocarbons. 

5.  The  gases  should  be   burned    in   the  ratio  of  4   volumes 

hydrogen  to  3  of  oxygen. 


of 


The  process  of  producing  the  unit  of  luminous  intensity  by 
*He  platinum  standard  consists  in  melting  this  mass  of  platinum 
Qnder  the  above  conditions,  A  water-cooled  diaphragm  screen  is 
^hen  placed  over  the  molten  metal,  having  in  tt  an  aperture  one  square 
^ejntinietre  in  area.  The  light  from  the  molten  platinum  is  reflected 
to  a  photometer  by  a  mirror,  and  the  metal  is  then  allowed  to  solidify, 
"^he  temperature  of  the  metal  falls  to  the  freezing  point,  and  then 
t'e mains  practically  constant  until  the  solidification  is  completed. 
t>uring  this  time  of  constant  temperature,  the  light  emitted  from  the 
^elected  area  is  also  practically  constant.    Full  details  of  the  operations 

re  given  in  Mr.  PetaveFs  paper- 
His  inference  from  the  whole  of  his  work  is  that  when  carried  out 
^^ith  the  stated  precautions,  the  probable  variation  in  the  light  emitted 
•^5^  molten  platintim  under  the  standard  conditions  is  not  above  1  per 
*^^rit,,  and  he  considers  that  with  more  perfect  apparatus  and  with 
^^rtain  improvements  the  accuracy  of  this  standard  would  be 
*  tier  cased. 

This  investigation,  therefore,  seems  to  have  rescued  the  Platinum 
Standard  from  some  undeserved  condemnation.  In  a  similar  manner, 
^be  platinum  resistance- thermometer  was  at  first  underrated  in  value, 
^intil  it  was  restored  by  Professor  Callcndar  to  its  present  position  of 
"U  tility.  We  have  grounds,  therefore,  for  the  belief  that  the  Platinum 
Standard  in  some  perfected  form  may  yet  prove  to  be  the  best  ultimate 
Standard  of  luminous  intensity.  Apart  from  the  not  insuperable  diflfi- 
jpulties  of  its  employmenti  it  realises  In  a  very  perfect  form  the  condi- 


^  See  Prtn:.  Ray.  StH-,,  vol,  6St  p.  ^9. 
ttse^rch  on  some  Standards  of  LighV 


J.  E.  Pelave\,  "*  An  E,itptvVLYvtv\\2^ 
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tions  which  arc  necessary  for  such  a  standard,  namely,  a  perfectly  pure 
material  maintained  at  an  absolutely  constant  temperature  in  a  definite 
condition,  the  luminous  radiation  from  a  unit  of  area  of  it  then  consti- 
tuting the  unit  of  luminous  intensity.  The  Violle  Platinum  standard 
has  the  additional  recommendation  that  it  is  not  only  a  unit  of  light 
but  also  a  unit  of  brightness.  It  is,  however,  a  standard  of  such  a 
nature  that  it  is  not  likely  to  be  set  up  anywhere  except  at  the 
National  Physical  Laboratory.  It  is  unnecessary  to  recapitulate  here 
all  the  details  of  the  various  attempts  that  have  been  made  to  replace 
the  Violle  Platinum  Standard  and  obtain  an  Incandescent  Platinum 
Standard  which  could  be  more  easily  employed  as  a  Working  Standard. 
The  most  promising  of  these  seemed  at  one  time  to  be  the  method 
suggested  by  Lummcr  and  Kurlbaum.'  Briefly,  their  mode  of  defining 
the  unit  of  luminous  intensity  was  as  follows  : — 

It  was  to  be  the  light  emitted  from  a  square  centimetre  of  solid 
platinum  when  brought  by  an  electric  current  to  such  a  temperature 
that  lo  per  cent,  of  its  radiation,  as  measured  by  a  bolometer,  could 
pass  through  a  layer  of  water  two  centimetres  in  thickness  contained 
in  a  cell  with  quartz  sides.  For  the  details  of  this  experiment  the 
original  paper  may  be  consulted.  The  apparatus  was  established  in 
the  Reichsanstalt  at  Berlin,  and  is  used  at  present  as  a  standard  of 
reference  for  Hefner  Lamps.' 

The  only  attempt  to  repeat  this  work  in  England  has  been  (so  the 
writer  beheves)  made  by  Mr.  J.  E.  Petavel,  who  set  up  the  apparatus  in 
the  Davy- Faraday  Laboratory  (see  Proc,  Roy,  Soc,  vol.  65,  p.  478).  His 
conclusion,  however,  was  that  the  adjustments  were  very  difficult,  and 
in  addition  the  spectral  quality  of  the  light  not  satisfactory  as  a 
standard,  being  much  less  white  than  that  of  the  Violle  Platinum 
Standard.  Hence  he  gives  it  as  his  opinion  that  the  Lummer- Kurlbaum 
Standard,  in  spite  of  the  preference  shown  for  it  in  Berlin,  does  not 
possess  the  qualities  required  in  a  primary  Standard  of  Light. 

The  consideration  of  the  possibility  of  using  carbon  filament  lamps 
as  standards  of  light  has  been  very  much  before  the  mind  of  the  author 
during  the  eighteen  years  that  he  has  acted  as  Scientific  Adviser  to  the 
Edison  and  Swan  United  Electric  Light  Company,  Limited. 

The  difficulties  with  flame  standards  which  arise  from  variations  in 
atmospheric  pressure  and  moisture,  and  from  the  contamination  of  the 
air  in  badly  ventilated  rooms  by  carbon  dioxide,  rendered  it  desirable 
to  endeavour  to  devise  a  simple  working  standard  which  is  inde- 
pendent of  atmospheric  composition.  Hence,  many  years  ago  the 
writer's  attention  was  called  to  the  question  of  the  use  of  the  electric 
glow-lamp  as  a  standard  of  luminous  intensity. 

The  first  objection  that  of  course  arises  is  that  the  decay  in  light- 
giving  power  of  an  ordinary  carbon  filament  lamp,  even  when  worked  at 
a  moderate  efficiency,  renders  it  perfectly  valueless  as  a  standard.  A 
carbon  filament  lamp  alters  in  light-giving  power  when  used  at 
constant  voltage,  for  three  reasons,  viz.,  by — 

'  Lummer  and  Kurlbaum,  Elckirotcchnischc  Zcitschrift^  vol.  20  (1894),  P-  474- 
2  TJ/i'  Reichsanstalt  Unit  of  Lights  by  Lummer  and  Kurlbaum,  Electrician^ 
VOL  34,  p.  37  and  p.  77. 
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(i)  Changes  in  electric  resistance  of  the  filament, 

(2)  Changes  in  the  nature  of  the  surface  of  the  fihimenl* 

(3)  The  deposit  of  carbon  upoQ  the  interior  of  the  bulb. 

It  i^  well  known  that  the  candle-power  of  new  glow-Uimps  of  the 
majority  of  types  increases  for  a  short  time  aiter  they  have  been  put 
iiito  iisc»  This  is  due  to  a  decrease  in  the  resistance  of  the  hhinicnt. 
The  iilametit  becomes  more  consolidated  and  probably  denser,  and 
llicrefore  decreases  in  resistance*  If,  however,  a  good  ti lament  h  run 
Id  a  lamp  at    normal,  or    slightly  above   normal,  voltage  for   fifty 


B 


A.  Kj.ii.MiNG-EoiswAN  Stanliarli  Glow-lamp. 

B.  ORmNARV  E 01  SWAN   J^-Cf*   GLOW-LAMP. 


^urs  or  so,   it  reaches  a  condition  in  vvhicii  a  small  further  use  will 
L*"^t  much  alter  it.     By  that  timCj  however,  the  glass  bulb  is  somewhat 
lackened,  and  the  lamp  will  have  lost  caudle-powen     Experiments 


C^ade  by  the  writer  several  years  ago^  showed,  however,  that  if  a 
*^  lament  which  has  been  so  '*  aged  "  is  removed  from  the  old  bulbj 
*^  *id  put  into  a  new  clean  bulb,  the  candle-power  will  again  be  brought 
^ick  to  a  value  not  far  from  its  original  value.  It  therefore  occurred 
tlie  writer  to  prevent  the  blackening  of  a  glow-lanip  by  l\\\:  loV\o^\\\i|*^ 
ieans:  Tbv  blackening  t is  caused  by  the  projeciion  oE  carbou  koxvA  N\\^ 
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filament,  and  hence  other  thin^^s  being  equal  proceeds  most  rapidly  in 
small  bulbs,  because  the  carbon  molecules  then  most  easily  reach  the  glass. 
Suppose,  however,  that  a  filament  is  mounted  in  a  very  large  bulb,  the 
radius  of  which  is  much  greater  than  the  mean  free  path  of  the  mole- 
cules at  the  pressure  of  the  residual  air.  The  chances  of  a  molecule  of 
carbon  getting  on  to  the  glass  are  much  reduced.  Accordingly,  about  six 
years  ago,  the  author  requested  Mr.  E.  Gimingham,  Superintendent  of 
the  Edison  and  Swan  Electric  Light  Factory,  to  mount  some  i6-c.p. 
filaments  in  very  large  bulbs,  and  it  was  found  that  these  lamps  could 
be  run  for  long  periods  without  any  of  the  usual  blackening  or  loss  of 
light.  This  observation  led,  therefore,  to  the  following  method  of  con- 
structing a  special  form  of  carbon  filament  lamp  to  be  used  as  a 
standard  of  light.  Carbon  filaments  of  the  old  Edison  horseshoe  shape 
are  well  selected  and  carefully  treated,  and  are  then  mounted  in 
ordinary  bulbs,  and  run  as  lamps  for  some  time,  at  about  5  per  cent, 
above  marked  voltage  for  about  fifty  hours.  Those  filaments  which 
then  show  no  defects  are  cut  out  of  these  slightly  blackened  bulbs  and 
mounted  in  very  large  clear  glass  bulbs,  6  or  8  inches  in  diameter. 
These  lamps,  if  not  very  much  used,  and  not  worked  above  a  certain 
marked  voltage,  will  remain  practically  constant  for  any  length  of 
time. 

In  1896  a  good  many  experiments  were  made  on  this  plan  at  the 
Edison  and  Swan  Lamp  Factory.'  A  number  of  these  large  bulb  lamps 
were  prepared,  and  carefully  photometered  against  a  pentane  air-gas 
standard  as  giving  us  the  best  means  of  fixing  at  that  time  a  standard 
equal  to  10  British  Standard  candles.  The  working  voltage  of  the 
lamps  was  carefully  measured  by  means  of  a  potentiometer  and  a  Clark 
cell,  and  the  candle-power,  voltage,  and  current  recorded  on  each 
lamp,  the  candle-power  taken  being  that  in  a  horizontal  direction  and 
perpendicular  to  the  plane  of  the  filament  when  the  axis  of  the  filament 
was  vertical.  A  certain  number  of  these  lamps  were  set  on  one  side, 
and  called  Primary  Standards,  with  the  intention  that  they  should  be 
used  only  very  occasionally  for  verifying  the  candle-power  of  others 
of  the  lamps,  which  were  called  Working,  or  Secondary  Standards. 
These  secondary  standards  were  to  be  employed  to  set  the  working 
lamps  in  the  various  photometer  rooms. 

A  similar  set  of  primary  and  secondary  lamps  of  this  description 
was  made  for  the  Pender  Laboratory,  University  College,  London. 
These  lamps  have  been  in  use  for  several  years  in  the  Edison  and  Swan 
Company's  Factory  at  Ponders  End,  and  at  the  Pender  Laboratory, 
and  have  been  found  to  be  very  convenient.  In  the  month  of  March, 
1902,  with  the  kind  co-operation  of  Mr.  E.  Gimingham,  some  experi- 
mants  were  made  at  the  Edison-Swan  Factory,  Ponder's  End,  to 
ascertain  how  far  any  difference  might  have  arisen  in  six  years  between 

^  The  author  desires  to  take  this  opportunity  of  gratefully  acknowledging 
the  kind  encouragement  and  valuable  support  he  has  continually  received  from 
Mr.  J.  W.  Swan,  F.R.S.,  in  this  and  many  other  similar  investigations  during 
the  whole  period  of  his  connection  as  Scientific  Adviser  with  the  Edison  and 
Swan  United  Electric  Light  Company,  Limited.  In  addition,  the  author  has 
pleasure  in  referring  to  the  assistance  rtiwdtted  by  Mr.  E.  Gimingham  in 
working  out  this  form  of  Standard  Edvswaw  G\o\\r  \^2Lmv. 
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the  Pentane  air-gas  standard  used  there^  and  certain  of  ihe^&  standard 
carbon  filanieot  lamps.  The  lamps  were  iiccordingly  checked  in  a 
photometer  room,  using  a  Lummer-Brodhyn  photometer  to  measure 
the  Ught,  and  a  Crompton  potentiometer  and  Clark  cell  to  measure  the 
current  and  voltage.  In  order  to  eliminate  the  personal  error,  three  or 
more  observers  were  admitted  to  the  photometric  gallery.  This  somtj- 
what  unusual  proceeding,  however,  and  the  want  of  atleiition  on  one 
occasion  to  the  ventilation,  resulted  in  revealing  an  apparent  dis- 
crepancy betw^een  the  candle-power  of  the  lamps  as  mea^'^ured  in  terms 
of  the  Pentane  i^amc  in  1896,  and  those  made  in  March,  nj02,'  The 
following  table  ^hows  the  results  of  these  first  observations,  the  three 
observers  being  denoted  by  the  figures  (t,),  (ii*),  and  (iii*) :  — 


TABLE  IL 

OI^PARISOXS  BETWEEN   THE    PEXTANE  AlR-GAS   StANDAKD   AXO    LARGE 

Bulb  Stakoaku  Incaxdescexce  Electric  Lamps. 


Readings  taktu  Manh  8,  1902,  at  the  Edison-Swan  Fadt^ry^  Ponder' s  End 


I 


Mark  no  Stanciiird 


Ed  is  wan  R^.    . 
Edisv\'aii  S^    - 
Ediswaui  S3    . 
Pender  I........ 

Pender  I L  ,.,- 

Pender  III 

Test  repeated, 
Ditto    , 


Wnrkini; 
Volts  Oil 

Cundle-pov^'er  bv 

PciU^nc  Standard 

read  by  Thtcc  Ob«rvcrs, 

Ui^rni 

(i.) 

(ti-> 

m) 

C.p. 

99-1 

14^ 

144 

— 

HS 

96- 

10^4 

— 

lOH 

I0'4 

0-1 

30*4 

10 '6 

10^6 

I0'5 

96*0 

14-8 

iA-6 

— 

147 

96  0 

16*9    ' 

i6a 

16^5 

J67 

q6*o 

H'5 

14^2 

143 

t4-3   ) 

n 

1375 

1375 

— 

1575 

I3'95J 

*l 

I4'0 

13' 9 

~~~ 

Candle-power  of  Glow 

Liimp  AH  dclt^nnlned 

prtvioushs 


14-0  in  Feb.,  190a 
100  in  1S96 
10  o  In  |an.»  igo2 
14  "3  iti  1896 
16  "4  in  1H96 

1275  in  1896 


» 


If  we  were  cutitied  to  take  for  gi  a[:ited  that  the  Pentane  Standard  had 

remained  unaltered,  the  above  table  would  seem  to  show  a  falling  off  in 

the  candle-power  of  the  glow-lamps  in  the  six  years.     Thts^  however,  is 

not  a  valid  conclusion.    The  greater  difference  between  the  1896  and 

up2  measurements  in  the  case  of  the  lamp  Pender  Standard  H  L  showed 

that  probably  all  was  not  right  on  this  occasion  with  the  Pentane  lamp. 

This,  in  fact,  was  the  case*     I'he  presence  of  an  unusual  nnmber  of 

persons  (four)  in  the  photometer  room  vitiated  the  air  towards  the  end 

of  the  time  of  observations.    The  doors  were  therefore  all  thrown  open 

for  forty  minutes,  and  after  the  air  in  the  room  had  been  thoroughly 

renewed  the  measurements  were  repeated  as  below  : — 

^  The  observations  in  1S9G  wcrt:  made  with  great  e^u:e  by  Mr,  J.  T 
Mnrris,  al  one  time  private  assistant  In  the  authoi"^  but  now  Lecturer  on 
Ivlt^ttiical  Engineering  in  the  East  London  Technical  College.  The  obser- 
^'<tioi\s  in  1902  were  made  under  the  direction  of  Mr*  W.  C,  Clinton,  B,Sc.» 
fJtmon&trator  in  the  Pender  Laboratory^  and  to  whom  the  author  is  indebted 
ii^r  vahied  and  uiliing  assis^tance  in  the  experiments  here  described,  as  well 
<^^  u>aiiy  others  rehted  to  this  investigation. 
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TABLE  in. 

Second  Set  of  Readings  taken  with  Photometer  Room  well  ventilated. 


Mark  on  Standard 
Glow  Lamp. 

Working 
Volts  on 
Lamp. 

Pender  I 

Pender  II 

Pender  III 

Pender  IV 

Pender  V 

Pender  VI 

Ediswan  S4    ... 
Repeated 

960 
96-0 
96-0 
96-0 
960 
96-0 
96-2 

M 

C^ndlc^poxver  b^  Peiitanv  Stjindard 
reid  by  Thr^  Ubaervers. 

Candle-power  of  Glow 

Lamp  as  determined 

previously. 

Mean 

tl^ 

(ii> 

(UL) 

up. 

14*4 

U'25 

167 

140 

14-22 

14-25  in  1896 
16-4  in  1896 

16-5 

16 'O 

i6'4 

1375 

i3"o    1 

12'5 

1 3  75 

1275  in  1896 

14M 

13^9 

14^ 

14-5  in  1896 

^5\t 

15^25 

rS'o 

^54 

15-55  in  1896 

iiV 

117 

u-65 

1175 

11-5  in  i80 

10^1 
97 

9-H 

9*8  f 

9'8i 

10*0  in  1901 

During  these  tests  the  temperature  of  the  Clark  cell  rose  from  16°  C. 
to  20°  C.  This  alone  would  imply  a  possible  error  in  voltage  of  0*36 
per  cent.,  and  an  uncertainty  therefore  in  candle-power  of  i'8  per  cent. 
The  results  of  the  measurement  are,  however,  to  show  that  in  six  years, 
during  which  these  glow-lamp  standards  have  been  much  used,  the  set 
belonging  to  the  Pender  Laboratory  have  probably  remained  as  constant 
in  light-giving  power  at  the  same  voltage  as  the  Pentane  Standard. 
Since  a  standard  glow-lamp  of  this  form,  used  as  described  in  the  next 
section  of  the  paper,  is  only  in  a  state  of  incandescence  for  a  few 
minutes  at  a  time  during  each  test,  the  use  of  such  a  lamp  in  many 
hundreds  of  tests  only  amounts  in  all  to  a  few  hours'  burning.  It  is 
clear,  therefore,  that  if  the  filament  has  been  brought  into  a  condition 
in  which  it  has  passed  the  initial  variable  stage  during  which  changes 
may  take  place  in  it,  and  if  after  that  time  it  is  only  used  for  exceedingly 
short  periods  of  time,  and  in  a  large  bulb  as  described,  it  becomes  a 
means  of  preserving  a  standard  of  light  with  great  constancy. 

The  differences  in  the  figures  in  the  above  Table  III.  between  the 
lamp  Pender  IV.  and  Ediswan  S4,  and  Pender  IV.  and  the  Pentane 
Standard,  must  not  be  attributed  wholly  to  changes  in  the  standard 
glow-lamp.  In  the  case  of  the  test  made  with  the  standard  lamp 
Pender  IV.  it  will  be  seen  that  the  candle-powers  were  only  read  by 
two  out  of  the  three  observers.  With  this  exception,  none  of  the  lamps 
which  have  been  in  use  in  the  Pender  Laboratory  for  six  years  now 
appeared  to  differ  from  the  Pentane  Standard  by  more  than  2  per  cent, 
and  in  the  majority  of  cases  there  is  no  sensible  difference,  and,  as 
observed  above,  the  whole  of  this  difference,  where  it  appears,  must 
not  be  set  down  to  changes  in  the  incandescent  lamp.  In  fact,  these 
large  bulb  glow-lamp  standards  were  easily  able  to  detect  a  temporary 
variation  in  the  Pentane  Standard  due  to  inattention  to  the  ventilation 
of  the  room. 

This  error  was  not  small.     At  the  end  of  the  first  set  of  tests  the 

atmosphere  had   become  vitiated  to  such  a  degree  that,   partly  for 

this  reason  and  partly  perhaps  from  etYOts  Vtv  ^d\vvsX.xcis,\A.  q£  flame 
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heighl,  tbe  flame  standard  had  faUcn  off  in  itlumtnating  power  by 
8  to  10  per  ceiit.j  and  iience  made  ;m  iiicand^stxut  lamp  of  which  Ihe 
real  candle-power  was  1275  appear  to  bu  about  I4"3*  The  operation 
was  noti  in  facli  a  lest  of  the  incandescence  lamps  by  the  Pentane, 
but  a  test  of  the  latter  by  the  former. 

The  experience,  however,  gained  by  the  writer  in  the  la^jt  six  years^ 
Mndal^o  at  the  Edison  Sw^in  Lamp  Factory,  justifies  the  expression  of 
opinion  that  these  large  bulb  standard  carbon  filament  Isimps  form  a 
very  convenient  and  accurate  means  of  preserving  a  standard  of  light 
when  proper  precautions  are  taken  to  set  them  to  a  marked  voltdge  by 
means  of  a  potentiometer  and  Clark  or  Weston  standard  cell. 

One  other  suggested  incandescence  standard  must  he  bricBy 
mentioned.  It  was  proposed  by  Mr,  Swinburne,  Professor  S,  P. 
Thompson,  M^  Blond  el ,  and  others^  that  the  light  from  one  square 
tnillimetre  of  the  crater  of  the  arc-lamp  should  he  taken  as  a  standard 
of  luminous  intensity.  Measurements  of  the  intrinsic  brilliancy  of  the 
crater  by  different  observers  do  not  agree  very  well,  and  it  cannot  be 
^id  that  the  experimental  work  done  so  far  holds  out  a  promise;  that 
this  source  of  light  will  fulfil  all  the  requirements  of  a  standard. 

Measurements  of  the  intrinsic  brightness  of  the  arc  crater  made  by 

Mr,  Trotter,  M,  Blondel  (in  ii^>3),  and  Mr*  Petavel  (in  1900)  gave  values 

for  this  constant  res;pec lively  of  170,  158,  and   147  candies  per  square 

millimetre.    The  actual  incandescent  area  which  forms  the  crater  is, 

owever*  very  small,  and,  according  to  a  discovery  made  by  Mr,  Trotter 

•ft  very  often  exhibits  a  rapid  rotatory  movement^  so  that  it  is  not  so 

simple,  physically  speaking,  as   a   surface  of   molten   platinum.     The 

intrinsic  briUiancy  of  the  crater  is  so  great,  and  the  quality  of  its  light 

is  so  different  from  that  of  most  secondary  standards,  that  it  is  a  matter 

f   greater  diflficuUy  to  compare  this   arc  standard  with  a  secondary 

mdard  than  is  the  case  with  the  VioUe  Platinum  Standard.     Hence 

or  all  these  reasons  an  incandescent  platinum  standard  will  probably 

be  preferred. 

The  conclusion,  therefore,  which  may  he  drawn  from  the  preceding 
tacts  is  that  at  the  present  moment  there  are  tive  sources  of  light  which 
can  in  all  probability  be  regarded  as  sufficienUy  constant  to  enable 
them  to  be  used  for  reproducing  a  standard  of  luminous  intensity  with 
^  degree  of  accuracy  approximating  to  i  per  cent,  or  less,  Two  of 
these  may  be  called  primary  or  reference  standards,  and  three  \vorking 
standards*    The  Primary  Standards  are  : — 

1.  The  Viollc  Platinum  Incandescent  Standard* 

2.  The  Vernon -Harcourt  Pentane  i -candle  Flame  Standard  ; 

and  as  practical  Working  Standards  :— 

3,  The  Hefner  or  Amyl  Acetate  Lamp. 

4,  The  Vernon- Harcourt  Self-contained  lo-candle  Pentane  Lamp, 
>  The   Flemtng-Ediswan    Large    Bulb    Incandescence   K  Ice  trie 

Lumps  I 

Th^;  first  two  Reference  Standards   can   be  sel  up  aV  a.  liyAIvowA 
^^mlirdisi^g  Laboratory,  or  it  Government  Testing  ii^boTaVov>j ,  'd.T\A. 
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c:in  be  relied  upon  to  preserve  a  selected  standard  or  unit  of  light  with 
an  accuracy  which  is  comparable  with  that  of  photometric  measurements 
generally. 

Of  the  three  Working  Standards,  the  Amyl  Acetate  Lamp  is 
decidedly  inferior  to  the  other  two  in  the  quality  of  its  light,  and 
difficulties  arise  in  using  it  even  to  standardise  glow-lamps,  whilst  it 
is  quite  unsuitable  for  use  with  Urc-lamps.  Moreover,  experience 
shows  that  a  i -candle  standard  is  not  so  generally  useful  as  a  lo-candle. 

One  objection  which  has  been  raised  to  the  employment  of  the 
Violle  standard  as  a  primary  standard  is  that  it  involves  the  use  of  a 
mirror  to  reflect  the  vertical  ray  from  the  molten  platinum  into  the 
photometer,  being  used  to  compare  it  with  a  secondary  flame  standard, 
and  hence  there  is  possibility  of  error  produced  by  the  slight  uncer- 
tainty attaching  to  the  co-efficient  of  the  reflection  of  the  mirror.  The 
defect  could  be  obviated  by  employing  a  photometer  placed  vertically 
over  the  molten  platinum  to  compare  the  emitted  light  from  it  with  a 
large  bulb  glow-lamp  standard  made  on  the  author's  plan,  and  this  again 
could  be  compared  with  any  required  flame  standard,  the  ray  from 
which  must  necessarily  be  horizontal. 

Other  objections  have  been  raised  to  the  employment  of  the  Violle 
standard  as  a  practical  primary  reference  standard,  such  as  the  difficul- 
ties likely  to  arise  from  the  column  of  hot  air  ascending  from  the 
platinum.*  A  further  investigation  of  this  standard  is  therefore  much 
to  be  desired,  and  it  seems  a  piece  of  work  that  might  very  suitably  be 
undertaken  in  the  National  Physical  Laboratory,  where  it  is  to  be 
hoped  a  Primary  Reference  Standard  of  light  may  before  long  be 
established. 

II.  Photometric  Processes. 

It  would  cause  the  present  paper  to  greatly  exceed  reasonable 
limits  in  length,  if  any  attempt  were  made  to  discuss  the  whole  of  the 
photometric  processes  which  have  been  devised.  It  is  certainly  not 
necessary  to  repeat  here  information  which  can  be  obtained  from 
ordinary  treatises  on  photometry.  Generally  speaking,  a  photometric 
measurement  consists  in  comparing  together  the  brightness  of  two 
white  surfaces,  one  illuminated  solely  by  the  light  under  test,  and  the 
other  by  a  standard  light,  and  adjusting  the  distance  of  the  lights  until 
an  equality  in  brightness  or  illumination  is  secured.  A  typical  and 
simple  form  of  photometer,  therefore,  is  the  Ritchie  wedge,  in  which 
two  adjacent  sides  of  a  white  prism  inclined  at  equal  angles  to  the 
incident  rays  serve  as  the  two  surfaces  which  are  differently  illuminated. 
Whatever  may  be  the  exact  nature  of  the  arrangement  for  creating 
these  two  contiguous  surfaces  illuminated  by  different  sources  of  light, 
it  appears  to  be  an  essential  condition  for  sensitiveness  that  they  shall 
not  be  separated  by  any  dark  or  bright  space  not  illuminated  wholly  by 
one  Hght  or  the  other.  Thus,  for  instance,  the  accuracy  with  whicli. 
measurements  can  be  made  by  the  Ritchie  wedge  is  greatly  decreaseci 

'  This  source  of  error  was  suggested  to  the  author  in  conversation  by  Mr- 
A,  G.  Vernon  Harcourt. 
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f  the  edge  of  Iht:  wedge  is  blunt.  If  the  uye  lia^  to  travel  far  in  ^oing 
irom  one  surface  to  the  other,  then  the  power  to  niiike  a  correct  judg- 
ELienl  as  to  the  equality  in  the  brightnci^s  of  the  two  5iirface&  is  greatly 
!  diminished.  Hence^  whatever  form  a  photouietcr  may  take,  it  mnst  be 
In  one  in  which  this  accurate  juxtaposition  of  the  two  surfaces  to  be 
compared  can  be  secured.  Another  condition  is,  that  the  iiluminated 
Jiurface^s  must  be  perfectly  white.  There  is  a  vn^t  difference  between 
surfaces  iti  regard  to  whitcnesi^,  which  are  all  called  white.  Papei', 
cardboard,  and  newly  fallen  snow,  look  very  different  w*hen  rUuminalcd 
by  the  s:ime  source  of  light  under  the  s^une  circumstances.  A  suitable 
white  surface  for  photometry  can  be  obtained  by  eouipressing  niague- 
smva  carbonate  or  barium  sulphate  into  slabs,   lu  the  Lummer-Brodhutt 


Cof^CrAsi. 


Fig,  3. — LUMMKR'BROOHUN   PHOTOMtTtt^. 


Q  f.   Lummer-Brodhim  Pttsiti. 


T.  Tdescope. 


Photometer,  such  a  white  magnesia  slab  is  illuminated  on  its  two  opposite 
liitJes  by  the  t\vo  lights  to  be  compared  (see  Fig.  1).  By  the  means  of 
two  totally  reflecting  prisms,  P„  P^,  the  diffused  light  from  the  two  sides 
1^  ^nt  through  a  compound  glass  prisma  P  Q,  consisting  of  two  right- 
sn^le  prisms  placed  base  to  base.  One  of  these  prisms  has  portions 
of  its  hypothenuse  surface  removed  b}^  sand-blastings  so  as  to  be  at  a 
Wer  level  than  the  rest,  and  the  two  right*angle  prisms  have  their 
ti^rpofhenuse  surfaces  placed  togetherj  being  faced  to  come  hito  optical 
intact  where  they  touch, 

When  such  a  prism  is  viewed  by  means  of  a  telescope  and  an  eye- 
piece in  the  proper  position,  we  see  the  field  of  view  divided  into  two 
WX%  one  portion  of  which  is  illuminated  by  the  diffused  light 
^Itered  from  one  side  of  the  magnesia  slab^  and  the  otheT  ^\d^  tyj 
1^1  ic^tttrcd  from  the  other.     By  adjusting  the  dislances  qI  l^^c  Vv^A-;,, 
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the  brightness  of  these  two  portions  of  the  field  of  view  can  be  made 
to  agree.  If  the  lights  are  heterochromatic,  then  these  two  portions  of 
the  field  of  view  have  different  colours  as  well  as  different  brightness, 
and  the  observer  has  to  make  a  judgment  when  the  two  patches  agree 
in  brightness  without  regard  to  their  difference  in  tint.'  The  author 
has  devised  a  modification  of  the  Lummer-Brodhun  photometer,  in 
which  the  two  lights,  A  and  B,  to  be  compared  are  placed  one  in  front 
and  one  at  the  side  of  the  prism  box.  This  form  has  some  advantages 
for  arc-lamp  testing  (see  Fig.  4). 

Some  considerations  affecting  heterochromatic  photometry  are  dis- 
cussed below,  but  meanwhile  it  may  be  said  that  there  are  various 
methods  for  reducing  the  distraction  caused  by  this  colour  difference 
in  the  lights  compared.     In  the  old  form  of  Bunsen  grease-spot  photo- 
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Fig.  4. — Total  Reflection  Photometer  (Fleming). 

P  y.   Ki^ht-angle  Pristns.  T.  Eye-tube.  S  S.  White  diffusing;  Screens. 

A  B.  Field  of  View— the  two  parts  illuminated  respectively  by  light  A  and  light  B. 

metry,  the  difficulty  of  making  an  accurate  judgment  as  to  the  equality 
in  brightness  of  the  two  surfaces  to  be  compared,  was  considerable, 
but  the  difficulty  was  obviated  to  some  extent  in  the  form  of  disc  known 
as  the  Star  Disc,  in  which  the  simple  grease  spot  of  Bunsen  was 
replaced  by  a  sheet  of  tissue  paper  placed  between  two  discs  of  thin 
white  cardboard,  in  both  of  which  a  star-shaped  opening  had  been 
punched  out. 

It  is  unnecessary  here  to  attempt  to  make  a  complete  classification 
of  photometers.  One  which  is  sufficient  for  the  present  purposes  is 
as  follows  : — 

Photometers  are  divided  into  three  principal  classes  : — 

(A)  Intensity  Photometers,  by  means  of  which  a  comparison  is  made 
between  the  luminous  intensity  of  two  sources  of  light. 

(B)  Illumination  Photometers,  by  means  of  which  we  measure  the 
illumination  in  any  locality  in  candle-feet  or  some  similar  units. 

'  Sec  Lummer  and  Biodhuu,  Zcitscliri/t  fiir  lmimmcutcnknnih\   vol.  9, 
p.  23,  i88g  ;  also  IbicL,  p.  461,  1889  ',  'a\so  Pliil.  Ma^.,No\.  Af^^.v-  ^^c\^  v^. 
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(C)  Spectrophoiomt'lers,  in  which  selected  rays  from  Ihc  sjiccl  r;«  of 
tviro  lights  are  compared  in  respect  of  luminoys  intensity. 

The  inten'^ity  photometersi  may  be  classilied  according  to  the 
method  adopted  for  producing  two  adjacent  surfaces  or  comparing  the 
brightness  of  the  two  surfnces  ilkmiinated  by  the  lights  compared. 
Thus,  we  liave  photometers  which  operate  by  : — 

(a)  Equahsing  the  iUumination  of  two  portions  of  a  semi-trans- 
parent or  opaque  screen  formed  of  paper ^  porcelain,  or  ground  glass, 
the  one  portion  illuminated  by  one  light  and  the  other  by  a  standard, 
the  equalisation  being  effected  by  moving  the  sources  of  light  to  various 
distances,     Exampies:  Bouguer,  Foiicault,  Harcourt,  and  Ritchie. 

(6)  Equalising  the  two  shadows  of  a  rod  made  by  two  lights  moving 
to  different  distances  with  or  w*ithout  optical  dispersion  of  one  light  Uy 
a  lens.  Examples:  Lambert,  commonly  called  the  Rumford,  Abney, 
A)T^ton,  and  Perry, 

(<■)  Equalising  the  illumination  all  over  a  screen,  one  portion  of  which 
is  scmt-transparent  and  the  rest  opaque,  Exajnpks :  Bunsen  (grease 
spot),  Lceson  and  Dibdin  (star  disc). 

(if)  Equalising  the  illumination  of  two  white  surfaces  inclined  at 
equal  or  unequal  angles*  and  placed  in  line  between  the  lights  to  be 
^■compared.     Extunphs :  Ritchie,  Bunsen  and  Roscoe,  Trotter,  Thomp- 
^Bson  and  Starling. 

^  (e)  EquaUsing  the  ilhimi nation  of  two  portions  of  the  field  of  view* 
of  a  telescope  by  bringing  light  from  two  sources  to  each  part 
separately  by  total  reflection  in  prisms.  Examples .-  Swan^  Lummer- 
Brodhun,  Weber,  Kriis.^,  Ficmiug, 

(/)  Equalising  two  fields  of  light  by  weakening  one  by  means  of 
-  crossed  polarising  prisms,     Exiunples:  Ar^o,  Zo liner,  Wild,  Salomons, 
Pickering,  Nichols. 

(g)  Equalising  the  illumination  on  two  portions  of  a  wiiitc  surface 
by  weakening  one  of  the  ilhuni nations  by  interposing  a  rotating  disc 
having  a  sector  ctit  out  of  it  which  can  be  varied  in  magnitude^ 
Exampks :  Fox-Talbot,  Napoli,  Guthrie,  Abney, 

{h}  EquaUsing  two  fields  of  illumination  by  the  interposition  of  an 
absorbing  wedge.    Exampks :  Pritchard,  Sabine,  and  others." 

Probably  by  far  the  largest  portion  of  photometry  of  late  years  has 
been  conducted  by  means  of  the  Bunsen  grease- spot  disc,  or  its  various 
mod  locations.  The  Gas  Referees  have  recently  adopted  a  modified  form 
of  Foucault  photometer  which  is  called  a  Phot  oped.  This  consists  of  a 
small  sheet  of  some  transparent  paper  w^ithout  watermark,  which  is 
fixed  at  the  bottom  of  a  short  tul>e,  having  a  diaphragm  in  it  with  a 
rectangular  aperture.  The  diaphragm  c;in  be  moved  nearer  or  farther 
Irotn  the  paper*  W^hen  two  lights  are  placed  not  quite  close  together, 
and  at  different  distances,  they  throw  upon  the  paper  two  patches  of 
light  due  to  the  light  passing  through  the  aperture.     By  moving  the 

^  For  a  discussion  of  lllamination  Photometers  and  results  obtained  by 
^tiem,  the  reader  may  with  aclv-mtage  cansuR  a  paper  by  Mr*  A.  P.  Trotter, 
"0"  the  Measurement  of  Illumination/' Pn?c.  tn$L  Civtl  Engimrrs^vo].  no, 
^^h  A  iiiimber  of  interesting  photometersj  hucJi  ;is  tht:  cUtfivsion  v^hotometets 
^rf  July  ancl  EJster,  -are  not  indudcd  m  the  aliove  classvlieaVion, 
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diaphragm,  these  patches  of  light  can  be  made  to  touch.  One  of  the 
lights  can  then  be  altered  or  moved  until  the  illumination  on  the  screen 
is  uniform,  and  from  their  relative  distances  the  relative  illuminations 
are  determined.  The  author's  assistant,  Mr.  A.  Blok,  has  found  that  a 
very  effective  diaphragm  for  this  purpose  can  be  made  by  using  an 
ordinary  gelatine  photographic  plate  just  as  taken  from  a  packet  of 
unexposed  negative  plates. 

For  electric  glow-lamp  photometry  the  writer  has  found  no  photo- 
meter which  is  on  the  whole  superior  to  the  Contrast  form  of  the 
Lummer-Brodhun  photometer,  which,  when  skilfully  used,  enables  a 
difference  of  less  than  half  per  cent,  in  the  luminous  intensity  of  the 
two  lights  to  be  determined.' 

In  describing  the  arrangements  which  the  writer's  experience  has 
shown  to  be  the  most  advantageous  for  glow-lamp  photometry,  it  will 
be  well  to  say  a  few  words  first  on  the  arrangement  of  the  photometer 
and  the  photometer  room.  The  general  impression  in  the  minds  of 
many  electricians  is  that  any  room  or  corner  is  good  enough  for  a 
photometer.  In  numerous  electrical  laboratories  or  testing-rooms,  a 
wooden  shelf  is  put  up  with  black  velvet  curtains  in  front,  and  a  box  at 
each  end  to  hold  the  standard  lamp  and  the  lamp  to  be  tested,  whilst 
the  Bunsen  disc  or  other  photometer  slides  on  a  graduated  bar  between 
the  lamps.  A  photometer  of  this  kind  embodies  almost  every  defect  a 
photometer  can  have.  It  reproduces,  often  in  an  aggravated  manner, 
the  defects  present  in  a  form  of  photometer  called  the  Evans  closed 
photometer,  long  known  to  be  unreliable.  The  chief  source  of  error 
in  it  is  that  reflection  of  stray  light  from  the  neighbouring  velvet  or 
black  wood  surfaces  causes  the  illumination  on  the  photometer  disc  to 
vary  not  according  to  the  law  of  the  inverse  square  of  the  distance 
from  the  source  of  light.  A  photometer  consisting  of  a  long  box  or 
narrow  shelf  invariably  allows  a  good  deal  of  light  to  be  reflected  at  an 
oblique  incidence  even  from  black  velveteen  curtains.  The  whole 
principle  on  which  intensity  photometry  is  based,  is  that  no  light  must 
reach  the  photometer  disc  except  that  coming  in  straight  lines  from  the 
two  sources.  Hence  it  is  essential  not  to  take  this  for  granted  in  any 
particular  instance,  but  to  verify  it.  In  the  next  place,  such  a  closed 
photometer,  if  used  with  a  flame  standard  of  any  kind,  invariably  gives 
erroneous  measurements  because  of  imperfect  ventilation.  If  a  flame 
standard  is  to  be  used  at  all,  the  greatest  attention  must  be  paid  to  the 
temperature  and  ventilation  of  the  photometer  room.  For  this  purpose, 
it  should  be  at  least  8  feet  wide,  8  or  9  feet  high,  and  20  feet  in  length. 
Fresh  air  should  be  drawn  in  from  the  outside  by  means  of  a  fan,  and 
circulated  through  the  room,  but  with  the  avoidance  of  draughts.  If 
this  is  not  done,  and  two  or  three  people  are  in  the  photometric  room 
employing  a  flame  standard,  it  will  most  certainly  fall  ofif  in  luminous 

^  The  Lummer-Brodhun  photometer  is  in  reality  a  very  superior  form 
of    Bunsen    grease-spot    photometer.      The  principle    ot    employing    total 
reflection  at  a  prism  surface  to   construct  a  photometer,   was  made   us^^ 
of  by  W.  Swan,  Professor  of  Natural  Philosophy,  University  of  St.  Andrews. 
See  a  paper  by  Professor  C.   G.  Knott,  *'  On  Swan's  Prism  Photometer,'*" 

/%//.  J/aj^.,  vol  49,  Jan.,  1900,  and  reply  by  Messrs.  Lummer  and  Brodhun, 

/V///,  Mag,,  vol  49,  June,  1900. 
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intensity  by  a  sensible  percentage  in  a  short  time»  owing  to  the 
accumulation  of  moisture  and  carbonic  dioxide  in  the  room^  Al^o  the 
temperature  of  the  room  should  be  kept  uniform^  especially  if  electrical 
measurements  are  to  be  made  in  it*  The  arrangements  of  a  suitable 
photometric  room  for  glow-lamp  testing  are  as  follows  ; — The  room, 
being  at  least  of  the  dimensions  above  stated,  should  be  painted  dead 
black  in  its  interiorj  well  ventilated  as  described,  and  kept  at  a  constant 
temperature.  Down  the  centre  should  run  a  wooden  raiiway,  con- 
sisting of  a  pair  of  beams  on  which  can  travel  easily  wooden  slabs  or 
tables  holding  the  lamp  to  be  tested^  the  standard  and  the  photometer, 
the  height  being  such  as  to  bring  the  photometer  telescope  or  tube  to 
^  a  level  convenient  for  the  eyes  of  ordinary  persons  w^hen  standing. 


r^ 


FKi. 


-ARRANGEMENTS  OF   StAKDAKD   PHOTOMETER  BENCH  A?{D 

Potentiometer. 


CJ.  Comparison  Lamp. 

Ph.  Lwrnmer-Brodhun  PhotpinetcrH 

a  b:   Potccitjom  filer  Wire, 

G^.  GalTiiaonieter. 

Sc.  Standard  Cell, 

%tr  Voltage  divided  ReaiRtanee, 


SI.  Standard  Lamp, 
p  p.   Pulkvs.        c  c,   EndleH^  CordRn 
B.   Battery. 
It  Rheostat, 
Rj.  Seiitis  Resist:! Eicc, 
1>.   Plug  Switch. 


Tile  arrangements  adopted  after  lon^  experience  in  the  Pender 
Electrical  Laboratory  at  University  College,  London,  and  reproduced 
^  the  photometer  rooms  of  the  Edison  and  Swan  Electric  Lighting 
^Otnpany's  Factory  at  Ponder's  End,  at  the  su^estion  of  the  writer, 
^e  as  follows  ^— The  photometer  employed  is  the  Lummer-Brodhun 
pbtometer  with  contrast  prism ^  and  is  kept  fixed  in  one  position  on 
^ht  railway  (see  Fig.  5).  On  the  left-hand  side^  carried  on  a  sliding 
^blCj  is  an  incandescent  lamp^  which  is  called  the  Comparison  Lamp, 
^nd  by  means  of  appropriate  resistances  this  lamp  can  be  adjusted 
^cctifatcly  for  voltage  and  therefore  candle-power.  The  sliding  table 
^  the  right-hand  side  is  connected  to  an  endless  cord  moved  b^  "&. 
^Mh,  so  that  the  observer  at  tlw  photometer  can  move  t\ve  \smv^ 
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on  this  table  to  or  from  him.  This  slab  carries  a  support  for  the 
incandescent  lamp  to  be  tested,  so  arranged  that  the  lamp  can  be 
placed  with  its  axis  in  any  required  direction,  and  also  revolved  on  its 
axis  by  means  of  a  small  electric  motor.  Under  the  railway  are  placed 
the  resistances  and  controlling  handles  for  regulating  the  current  and 
voltage  of  the  lamp  to  be  tested,  and  for  this  purpose,  from  the  socket 
holding  the  above  lamp,  there  come  two  pairs  of  leads,  one  the  current 
leads,  and  the  other  the  potential  leads. 

For  measuring  the  electrical  quantities,no  instrument  is  so  satisfactory 
as  the  direct-reading  potentiometer.  Out  of  a  large  experience,  the 
writer  can  say  that  no  ammeter  or  voltmeter  yet  made  is  sufficiently 
accurate  for  electric-lamp  photometry.  It  was  with  this  object  that  the 
writer  introduced  as  far  back  as  1888  the  direct-reading  potentiometer, 
set  by  a  Clark  cell,  which  has  been  since  brought  into  its  present  perfect 
form  by  Lieutenant-Colonel  Crompton,  and  those  of  his  firm  who  have 
assisted  him.  The  modification  which  the  author  then  introduced  was 
that  of  adjusting  the  current  through  the  potentiometer  coils  or  wire,  so 
that  the  fall  of  potential  down  a  unit  of  length  of  the  wire  was  equal  to 
one-thousandth  or  one  ten- thousandth  of  a  volt  as  determined  by  com- 
parison with  a  standard  cell.  Employing  a  Crompton  potentiometer, 
readings  of  the  current  and  voltage  of  incandescent  lamps  can  be  taken 
quite  as  quickly  in  the  photometer  room  as  by  the  use  of  any  ordinary 
ammeter  or  voltmeter,  and  with  an  accuracy  which  is  far  greater.  The 
only  point  to  which  attention  need  be  drawn  is  that  the  temperature 
variation  of  the  Clark  cell  being  considerable,  it  is  better  to  use  a  Weston 
cadmium  cell,  or  Helmholtz  calomel  cell  in  place  of  the  Clark  cell.  The 
operation  of  making  measurements  by  means  of  the  large  bulb  standard 
glow-lamps  is  as  follows  : — A  standard  lamp  is  selected  giving,  say,  16 
candles  at  96  volts  in  a  certain  direction.  This  standard  lamp  is  placed 
in  the  testing  socket  with  its  axis  upright,  and  set  at  a  distance  of  4  feet 
from  the  photometer  disc.  The  distance  of  the  comparison  lamp  is 
then  varied  until  the  photometric  balance  is  obtained.  The  standard 
lamp  is  then  removed  from  the  testing  socket  and  the  lamp  to  be  tested 
placed  therein,  and  its  distance  varied  until  a  photometric  balance  is 
again  obtained.  From  the  relative  distances  of  the  tested  lamp  and  the 
standard,  the  luminous  intensity  of  the  former  is  determined  in  terms  of 
the  latter.  The  railway  bar  can,  of  course,  be  calibrated  to  show  at 
once  candle-power.  It  will  be  seen  that  this  process  is  a  form  of  double 
weighing.  It  eliminates  the  effect  of  any  want  of  symmetry  in  the 
photometer  itself.  The  exact  candle-power  of  the  comparison  lamp 
does  not  matter,  as  long  as  it  remains  constant  during  the  experiment. 

In  making  a  series  of  tests  of  incandescent  lamps,  it  is  desirable  to 
check  the  setting  of  the  comparison  lamp  by  means  of  a  large  bulb 
standard,  at  intervals,  just  as  the  setting  of  the  potentiometer  is  checked 
at  intervals  by  means  of  the  standard  cell.  In  making  photometric 
examinations  of  incandescent  lamps,  it  is  of  course  necessary  to  take  the 
candle-power  in  different  directions.  In  order  to  eliminate  the  variation 
in  candle-power  which  exists  in  different  horizontal  directions  when 
thu  axis  of  the  tested  lamp  is  vertical,  a  committee  of  the  American 
Institute  of  Electrical  Engineers  rccomm^wd^d  \>cvaX.  V\v^  Vam^  under 
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Bst  shoiiJd  he  revolvud  oti  its  vertical  axis.    This  ts  not  difficult  with 
stiff  tilamcnts,  but  with  the  long  high-voltage  filaments  now  used  there 
is  a  risk  of  breaking  the  filament,  or  forcing  it  against  the  bulb  of  the 
Limp,  if  the  speed  of  i  evolution  exceeds  about  two  per  second,  and 
this  is  hardly  sufficient  to  eliminate  all  dickering.     In  any  case,  the 
maximum  horizontal  and  minim  uiti  horizontal  candle- power  should  be 
taken,  and  also  the  candle-power  in  the  direction  of  the  axis  of  the 
lamp.     For  certain  purposes,  it  may  be  necessary  to  take  the  mean 
spherical  candle-power.     The  usual  process  is  to  be  content  with  taking 
the  maximum  candle-power  in  a  horizontal  direction^  but  since  by  far 
e  larger  number  of  lamps  are  hung   head  downwards,  in   use  this 
alue  alone  does  not  give  sufiicient  information  as  to  the  performance 
of  the  lamp,  and  the  candle-power  in  the  above-stated  three  directions 
sbould  always  be  furnished.     In  the  actual  photometric  measurements 
it  is  desirable  to  oscillate  or  move  one  of  the  lamps  on  a  plan  recom- 
mended by  Sir  W.  de  W.  Abney,     If  the  lamp  under  test  is  moved  to 
and  from  the  photometer  in  gradually  diminishing  arcs,  it  is  eiisier  to 
determine  the  exact  position  of  balance  than  if  this  is  not  done.    One 
advantage  of  the  above  described  method  is  that  the  comparison  lamp 
can  be  adjusted  to  work  as  nearly  as  possible  at  the  same  watts  per 
candle  as  the  lamps  under  test.     This  is  especially  desirable  w^hen  using 
the  Lummer-Brodhun  photometer,  as    it  is    very    sensitive  to  small 
differences  in  the  spectral  quality  of  lights  compared. 

Before  proceeding  to  discuss  the  special  difficulties  conntjctcd  with 
tl^e  photometry  of  arc-lamps,  it  may  be  weO  to  describe  the  arrangement 
which  the  writer  has  found  in  practice  to  work  well  for  determining  the 
form  of  the  polar  curve  of  luminous  intensity  of  arc-lamps. 

Owing  to  the  unsym metrical  distribution  of  light  from  an  arc-lamp, 
it  is  more  important  tlian  in  the  case  of  the  incandescent  lamp  to 
determine  the  luminous  intensity  in  different  directions,  and  to  set  these 
out  in  the  form  of  a  polar  curve,  the  radii  of  which  represent  to  scale 
tuiiiinous  intensity.  Various  devices  have  been  used  for  this  purpose, 
bat  a  convenient  arrangement  is  as  follows  : — ^On  a  suitable  base  is 
i^rectcd  a  wooden  gallows  about  9  feet  high  and  3  feet  wide.  From  the 
top  of  this,  the  are -lamp  to  be  investigated  is  suspended.  In  the  two 
Uprights  of  the  gallows  are  two  openings  through  which  pass  brass 
tubes  or  hollow  bearings  to  which  are  connected  another  rectangular 
^ffimt;^  as  shown  in  the  diagram  (see  h'^ig.  6).  The  lamp  is  placed  so 
^tat  the  arc  A  is  exactly  in  line  with  the  axis  of  these  hollow  trun- 
fiifln^.  On  the  outside  of  one  of  the  uprights  is  a  circular  scale  of 
tkgrces,  and  the  swinging  frame  carries  a  pointer,  by  means  of 
^'hich  its  angular  position  relatively  to  the  horizon  is  determined, 
^he  swinging  frame  also  carries  three  plane  mirrors,  I„  I^,  I3J  which 
^^  set  at  angles  of  45  degrees,  and  catch  the  ray  from  the  arc- lamp, 
^!m1  reflect  it  down  one  of  the  hollow  trunnions.  The  ray  there - 
'w'e  emerges  in  the  same  direction^  no  matter  what  may  be  the 
^i^giilar  position  of  the  swinging  frame.  This  frame  can  be  so  set  as 
^'^  thatch  a  ray  coming  from  the  arc  at  any  angle  above  or  below  the 
Dri£on.  It  is  quite  possible,  by  means  of  a  standard  lucandc^ac^vxl 
'^uip,  to  deterijji^e  the  tota!  and  constant  percentage  Vos?i  ot  \\^\.,^E^^ 
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the  three  mirrors  at  each  of  which  the  ray  is  reflected  at  an  incide: 
of  45°,  and  hence  to  apply  the  necessary  correction  to  the  measu 
intensity  of  the  selected  ray.  By  employing  a  photometer  an< 
•standard  glow-lamp,  measurements  can  be  made  of  the  Imnin 
intensity  of  the  arc  in  any  direction  relatively  to  the  horizontal  pi: 


EievACton. 


-A 


KiG.  6. — Akc-Lamp  Photometer  (Fleming). 


Arc  Lamp. 
Photometer  Disc, 


Hi  Ha  H3  Ij  I2  I3.   Mirrors. 
D.   Fox-Talbot  Sector  Disc. 


through  the  arc.  This  direct  measurement  is  often  rendered  diffi( 
because  the  electric  arc  shifts  its  position  continually,  and  there 
therefore  a  periodic  waxing  and  waning  of  the  light  in  any  directi< 
This  difficulty,  however,  can  be  overcome  by  photometering  the  i 
against  itself,  or,  in  other  words,  comparing  the  luminous  intensity  of  t 
ray  coming  from  the  arc  in  any  directioiv  with  that  of  the  ray  comi 
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>fi  in  a  horizontal  direct Jon,  This  i&  accomplished  by  fixing  three  other 
niirrors»  H„  H^,,  H^,  to  reflcict  round  the  ray  coming  in  a  horlKonl;il 
cUreclion  from  the  arc,  and  make  it  coincide  in  direction  with  thi.^  thrtic 
times  retkcted  ray  coining  from  off  the  arc  at  any  angle  above  or 
l>4;low  the  hori^ton.  In  eacb  case  the  ray  suffers  reflection  at  three 
fxiirrors  placed  at  angles  of  45  degreeSj  hence  there  is  no  difference  in 
tlie  loss  by  reflection,  and  both  the  rays  are  weakened  in  the  same 
ralio,^  We  have  then  to  dctermiiie  the  ratio  of  the  intensitien  of  these 
tiffo  rays.  One  way  by  which  it  can  be  achieved  is  by  employing 
thi;  devicei  much  used  by  Sir  W,  de  W.  AbneVj  viz.,  a  rotating  metal 


Fox-Talbot-Abxey  Vakiahle  At'EkTURE  Disc. 


^c  having  sectors  cut  out  of  it,  I  he  apertures  in  which  can  be  more 


less  closed  up  whilst  the  disc  is  running^  (see  Fig,  7),     If  we  inter- 

•l^^^e  such  a  rotating  disc  with  variable  apertures  in  it,  in  the  path  of 

^^  brighter  ray  or  in    the  paths  of  both  rays   we  can  weaken  the 

'"*~Qnger  ray  until  the  two  are  of  the  same  intensity.     By  the  use  of 

T"ot!cault  or  Rumford  photometer,  and  a  pair  of  such  rotating  discs, 

^  can  accordingly  determine  the  ratio  of  the  luminous  intensity  of 


Vvr 


-  Many  forms  of  arc-lamp  photometer  have  heetv  devised,  such  as  that  of 
Rousseau  m  which  the  ray  is  rellected  from  a  mirror  at  various  angles  oi 
^^^dence,  but  Ihis  requires  a  eorrectioa  at  every  ungle  for  losa  by  reflection. 

*  This  method  for  weakening  a  ray  of  light  in  a  known  ratio  was  origi- 

i^ated  by  Mr.   Fox-Talbot*  whose  name  is  well  known  in  connection  with  the 

^vel opine nt  of  photoj^rapby.      The  use  oi  a  rotating  disk  with  apertures 

j-'tikh  could  be  more  or  less  closed,  and  through  which  the  ray  was  sent,  was 

^^^aeribcd  hy  him  in  the  PhihsophiLni  Magns:iff£  tor   1^34^  vol.  %^.  ^l^V.    Stii 

^^^i  Lord  Hiivlej^^h 'sanJclcj  "  Wa vtf  Tht^ory,"  Eticvdopc^dia B ritau  iiica, ^^VVlI*^. 
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the  ray  coming  from  the  arc  in  any  iiiclmed  direction  to  that  emitted 
in  a.  horizontal  direction.  The  question  whether  the  Fox -Talbot 
sector  disc  reduces  the  intensity  of  a  transmitted  ray  in  the  proportion 
of  the  total  open  sectorial  angle  to  360°  has  often  been  raised,  Expori- 
ments  iiiiide  in  the  Pender  Laboratory  for  the  author  by  Mr.  W»  C 
Clinton  support  the  affirmative  conclusion  generally  accepted*  An 
incandescence  lamp  was  placed  on  a  photometer  bench  and  balanct^d 
against  a  Comparison  lamp  by  means  of  a  Lummer-Brodhun  photometer. 
Between  the  photometer  and  the  Comparison  lamp  a  Fox-Talbot  disc 
was  interposed,  and  the  balance  between  the  two  lamps  was  obtained 
for  various  illuminations  by  reducing  the  apertures  of  the  rotating  disc, 
and  by  movit^g  one  lamp  at  the  same  time  to  various  distances.  Thus 
the  lamp  being  tirst  placed  at  ^o  inches  from  the  photometer^  a  balance 
was  found  when  the  disc  apertures  were  97  per  cent,  open.  The  lamp 
was  then  moved  respectively  to  i2o'\  160'^  and  204",  and  the  photo- 
meter balance  obtained  by  closing  the  disc  apertures  successively  to 
44j  24^  and  15  per  cent,  of  full  aperture  reckoned  as  too. 

The  illuminations  produced  on  the  pholomefer  disc  at  these  distances 
are  therefore^  by  the  law  of  inverse  squares,  respectively — 


64     ,     64 


64 


or  as  pcrccntagcs- 


too 


144        256    '    416  ' 


and  the  above  figures  are  almost  precisely  in  the  ratio  of  the  aperture 
of  the  disc  in  the  several  experiments^  viz.  :  — 

97     :     44     :     24     :     15 ; 

since  on  reducing  the  above  hgures  to  percentages  they  become— 

100     !     453     :     2475     :     I5'5; 

and  with  the  exception  of  the  second^  agree  closely  with  the  ratio  de* 
duccd  from  the  law  of  inverse  squares. 

A  single  observation^  or  rather  the  mean  of  a  number  of  obsenrations,  I 
taken  against  a  standai'd  glow-lamp  w^ill  enable  us  to  determine  the  mean  j 
absolute  horiiiontal  luminous  intensity^  and  hence  the  polar  curve  of  J 
luminous  intensity  can  be  plotted  out. 

In  taking  the  absolute  luminous  inten&ity  of  the  arc,  the  most  con- 
venient standard  to  use  is  the  glow-lamp  of  the  large  bulbpatlerUj  wliich 
is  worked  at  an  efhciency  of  25  watts  per  candle.  There  is  no  reason 
why  uianufacturers  of  arc-lamps  should  not  furnish  on  demand  the 
polar  curve  of  luminous  intensity,  because  such  a  eurve  at  once  enables 
us  to  determine  the  mean  spherical  candle-power^  and  also  the  illumina- 
tion on  the  surface  of  a  roadway,  due  to  the  arrangement  of  any 
number  of  such  arc-lamps  at  known  heights  and  distances.  The  geo- 
metrical constructions  for  doing  this  are  tolerably  well  known,  but  it 
may  perhaps  be  convenient  to  give  them  here. 

Let  A  (sec  Kig.  ii)  be  an  arc  placed  on  a  post  X  A  standir 


ding  an  ^H 
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roadway  XY.  It  is  required  to  determine  the  illumination  at  any 
point  P.  Draw  the  line  A  P»  and  round  A  set  off  the  polar  curve  of 
candle-power  of  the  arc  as  determined  experimentally.  Let  G  K  F 
be  a  semicircle  just  touching  this  polar  curve.  On  the  other  side  of 
the  line  X  A  and  on  tlie  base  F  G  describe  a  rectangle  K  F"  G  H  of 
which  the  side  K  F  is  equal  to  the  maximum  radius  vector  of  the 
polar  curve.  Draw  titc  honiiontal  line  through  Aj  draw  a  line  BD 
vertically  through  B,  and  through  Q  where  A  P  intersects  the  semi- 
circle draw  Q  C  horizontally  and  produce  it  to  L,  setting  off  a  lengtb 
CL  equal  to  A  B.  At  P  set  up  PM  perpendicular  to  XY,  and  make 
P  M  equal  to  the  quotient  of  B  D  divided  by  (A  P)^  This  can  be  done 
at  once  by  means  of  a  slide  rule. 

Then  if  A  B  represent  to  any  scale  Ihc  luminous  intensity  of  the  arc 
In  the  direction  A  P,  MP  will  represent  the  horizontal  illumination  on 
the  roadway  at  P. 


Fig.  3. — Arc-Lamp  Polar  CuR\Ti:  of  Intensety  a^d  Horizontal 

I LLU  MI  MAT!  O  N  CU  R  VR. 


If  other  radii  of  the  polar  curve  are  drawn  and  the  same  construc- 
tion followed  Dut^  then  the  extremities  of  all  the  lines  similar  to  C  L 
will  define  a  curve  GLF,  called  the  Rousseau  curve,  which  has  the 
property  that  its  mean  ordinate  F  N  is  the  so-called  *'  mean  spherical 
candle-power  of  the  arc."'  *  Similarly,  the  upper  extremities  of  all  hues 
like  P  M  define  a  curve  X  M  Y,  the  ordinates  of  which  define  the 
illami  nation  on  a  horizontal  surface. 

The  proof  is  easily  given  of  these  propositions.  Let  the  angle 
DAB  be  denoted  by  9.  Let  I  be  the  luminous  intensity  of  the  arc  in 
the  direction  of  A  B*  Hence  AB^CL^L  Let  the  radius  of  the 
semicircle  A  F  be  denoted  by  R.  Then  if  we  con^^ider  0  to  increase 
by  an  increment  dB^  the  corresponding  increment  of  the  arc  of  the 
semicircle  is  R  dB,     If  the  whole  figure  revolves  round  AX  as  an  axis, 

'  See  La  Lumilre  Elcdriqne^  vol.  37,  p.  41  Sh 
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then   the    area  of   the    zone    swept    out   by   this   elementary   arc   is^ 
2trR*cos  Biie,  and  the  whole  quantity  of  light  falling  on  the  zone  is 
27rWl  COS  9  do. 

If  we  call  lo  the  '*  mean  spherical  luminous  intensity/'  then  Ic^  h 
defined  by  the  equation — 


4irRn,=  2irR'        Icosff(fS, 
^  0 

,=  Tri: 

J  0 


2RI^ 


EJS.cosO.L 


The  right-hand  side  of  the  above  equation  denotes  the  area  of  the 
Rousseau  curve  GLF,  and  the  left-hand  denotes  the  area  of  the 
rectangle  K  F,  K  G,  where  N  F  is  the  mean  ordinate  of  the  curve 
G  L  F»  Hence  NF  represents  the  mean  spherical  luminous  intensity 
lo.  Again,  the  illumination  at  P  on  the  horizontal  plane  is  equal  to 
A  B  sin  fJ/A  l*^  =  B  D/(A  P)^ 

Accordingly,  if  we  have  the  polar  curve  of  luminous  intensity  of  an 
arc  when  included  in  its  globe^  we  can,  by  means  of  a  simple 
geometrical  construction  on  the  drawing-board,  set  out  a  curve  whose 
ordinate  s  represent  the  it  hi  mi  nation  produced  on  a  roadway  by  any 
number  of  such  arc- lamps  placed  at  any  distances  and  at  any  heights. 
For  the  illumination  produced  by  all  the  Lights  is  the  sum  of  the 
separate  illuminations.  As  a  general  rule,  it  will  not  be  necessary  to 
consider  more  than  the  two  adjacent  arc-lamps  in  obtaining  the 
resultant  illumination.  We  are  able,  therefore,  to  set  out  a  curve 
along  a  line  joining  the  base  of  the  two  arc  lamp-posts  showing  the 
maximum,  minimumj  and  mean  illumination  in  candle-feet^  or  any 
other  similar  units,  on  the  roudwaVi  and  decide  exactly  as  to  the 
proper  heights  and  distances  of  the  arcs  to  obtain  a  given  result. 

If  the  polar  curves  of  luminous  intensity  of  arc-lamps  of  various 
descriptions  are  available,  they  enable  us  to  make  a  comparison 
between  them  as  street  ilhmiinanis  when  arranged  in  any  suggested 
way,  without  further  experiments.  Manufacturers  of  arc-lamps  are 
not,  however,  in  the  habit  of  furnishing  this  very  necessary  informa- 
tion, but  there  is  no  more  reason  why  they  should  not  do  so  than  that 
makers  of  engines  should  not  furnish  an  indicator  diagram  for  an  engine. 

With  this  polar  diagram  at  hand  we  have  the  means  of  pre- 
determining the  effect  of  any  proposed  arrangement  of  open  or  closed, 
direct-current,  or  alternating-current  arcs,  arranged  at  slated  distances 
or  on  posts  of  stated  heights.  When  once  the  lamps  are  in  position,  an 
illumination  survey  can  be  made  by  means  of  an  illumination  photo- 
meter, and  extensive  researches  of  this  character  have  been  carried  out 
in  past  years  by  Sir  W/H.  Preece  and  Mr.  A.  R  Trotter/  What  is 
required,  however,  is  a  means  of  predetermining  tlie  illumination 
before  making  expensive  experiments.    It  is  usual  in  these  surveys  to 

'^*The  Distribution  and  Measurement  of  lUmTiination,"  by  Mr. 
Trotter,  A.MJnsLQE.  [Proc.  Inst  Cwii  Eng,,  voL  no,  iftgi-iStj^). 
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calculate  or  to  mensurc  the  iilumiiiatlon  cUher  on  llie  pavement  surface 
or  at  a  height  of  about  four  or  five  feet  above  the  pavement.  The 
measurement  most  required  is  that  of  the  iliumi nation  on  a  horizontal 
or  vertical  surface  about  fiv^e  feet  above  the  pavement  or  road  surface, 
because  it  is  on  the  illumination  at  this  point  that  our  ability  to 
distinguish  objects  in  the  street  depends. 

Various  photometers  have  been  designed  for  determining  by  one 
observation  what  is  commonly  called  the  *'  mean  spherical  candle- 
power"  of  the  arc.  M,  A.  Bloadcl  has  devised  several  appliances  for 
making  a  measurement  of  this  description*  One  instrument,  called  by 
him  the  Lumenmder^'  collects  the  total  flux  of  the  light  from  the  arc.  and 
concentrates  it  upon  a  semi-transparent  screen,  which  then  forms  a 
se con d ary  focus,  t h e  "  1  u m i  u on s  i nt e nsi t y  of  wh i  c li  is  determined. 
Whilst  this  appliance  is  valuable  in  comparing  together  the  luminous 
efficiency  of  diflferent  arcs^  it  does  not  obviate  the  necessity  for  deter- 
mining the  polar  curv-e  of  luminous  intcusitVj  since  this  last  curve,  as 
shown  above,  affords  the  means  of  predetermining  the  exact  distribution 
of  illumination, 

III.  HirrRROCHROifATic  Photometry. 

We  may  in  the  next  place  consider  some  interesting  questions 
connected  with  the  photometry  of  lights  of  different  temperature,  and 
therefore,  in  general^  of  different  spectral  character.  Any  pair  of 
lights  may  be  defmed  as  hotiiromatu  or  Hctetvdiromalic^  as  follows  :— 

If  we  form  the  spectra  of  two  lights  and  alter  the  brightness  of  one 
of  them  until  the  spectra  match  each  other  in  brightness  at  one 
common  wave-iengthj  say  in  the  yellow,  then  if  the  spectra  are 
matched  at  all  other  corresponding  points  in  brightness  at  the  same 
time,  the  lights  are  said  to  be  isochromatic.  On  the  other  hand,  if  the 
spectra  of  two  lights,  when  equalised  at  one  common  wave-length  in 
forighlnesSj  are  unequal  in  t->rightncss  at  all  other  pointSt  they  are  said 
to  be  heterochromatic.  Thus,  for  instance,  if  we  form  the  spectra  of  a 
candle  and  an  arc-lamp  and  reduce  them  to  the  same  brightness  of  the 
yellow;  the  candle  spectrum  would  be  the  brighter  of  the  two  m  the  red, 
but  the  arc- lamp  spectrum  would  be  much  the  brighter  of  the  two  in  the 
violet*  Hence,  this  fact  introduces  us  to  the  questions  :  In  what  sense 
can  we  speak  of  the  cundh'-powcr  of  an  arc- lamp?  Can  any  scientific 
meaning  at  all  be  attached  to  this  common  expression  ?  The  human 
eye  has  two  distinct  powers  corresponding  to  the  two  principal 
qualities  of  a  ray  of  light,  namely,  a  power  of  colour  discrimination, 
and  a  power  of  brii^htness  discrimination.  We  can  pronounce  a 
judgment  upon  two  adjacent  illuminated  surfaces  and  say  that  they 
are  either  alike  or  unlike  in  colour  ;  but  apart  from  the  colour  difference 
we  can  also  pronounce  a  judgment  in  respect  of  their  illumination  or 
hrtghtncss.  This  last  judgment  is  more  difficult  in  proportion  as  the 
two  patches  of  light  approximate  to  pure  spectral  colours.  In  judging 
two  white  surfaces  illuminated  by  pure  red  and  blue  light  respectively, 
there  is  room  for  a  large  difference  of  personal  opinion  as  to  their 

*  See  VEdditijge  Ekctrtqui\  March,  April,  May,  1895. 
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relative  brightness,  whereas  if  the  two  incident  lights  are  very  impure, 
that  is  to  say,  much  mixed  with  white  light,  then  it  is  possible  for 
several  persons  to  make  a  closely  identical  judgment  as  to  the 
equality  or  inequality  in  respect  of  brightness  of  the  illuminated 
surfaces. 

*  Doubts  have  sometimes  been  raised  whether  we  can  compare 
differently  coloured  surfaces  or  lights  in  regard  to  brightness  or 
illumination  alone.  It  is  clear,  however,  that  any  compound  ray, 
whether  reflected  from  a  surface  or  radiated  by  an  illuminant,  can  be 
expanded  into  a  spectrum  ;  and  each  individual  ray  compared  as 
regards  brightness  with  the  corresponding  ray  in  some  standard  of 
light.  Hence  the  effect  of  the  compound  ray  is  to  produce  a  certain 
resultant  or  integral  brightness  which  is  a  consequence  of  all  the 
separate  intensities  or  brightnesses  of  the  rays  of  which  it  is  composed, 
as  well  as  a  certam  compound  colour  sensation  which  is  due  to  the 
sum  of  all  the  separate  colour  effects  of  the  various  wave-lengths. 

The  opinion  has  been  advanced  by  Lepinay  and  Nicati,  and  has 
also  been  supported  by  Blondel  and  others,  that  the  eye  possesses  a 
form-  or  detail-  discriminating  power,  which  is  not  identical  with  its 
power  of  discriminating  a  difference  in  brightness.  It  may  be  argued, 
however,  that  this  detail-discriminating  power  depends  essentially 
upon  the  brightness-discriminating  power  of  the  eye.  If,  for  instance, 
we  are  reading  a  book,  or  examining  a  pattern  of  black  lines  drawn  on 
a  white  ground,  we  have  really  before  our  eyes  portions  of  a  surface 
which  have  unequal  reflecting  powers,  and  hence,  when  illuminated, 
there  is  a  difference  in  the  brightness  of  the  two  parts.  We  guide  the  eye 
along  the  boundary  of  a  letter  by  the  aid  of  the  difference  in  brightness 
between  the  adjacent  parts,  and  we  cannot  distinguish  any  pattern  on 
a  surface  in  which,  between  the  adjacent  portions,  there  is  no  difference 
either  in  brightness  or  colour.  On  the  other  hand,  Lepinay  and 
Nicati  have  asserted  that  if  we  equalise,  what  we  may  call,  the 
integral  brightness  on  two  separate  white  surfaces,  one  illuminated 
by  light  of  one  kind,  say  blue,  and  the  other  illuminated  by  light  of 
another  kind,  say  red,  then  we  can  more  easily  distinguish  a  black 
pattern  drawn  upon  the  surface  illuminated  by  red  light,  than  upon 
the  surface  illuminated  by  the  blue.  The  above  investigators  have  stated 
that  if  yellow  and  blue  light  produced  by  any  prismatic  means  are 
adjusted  to  produce  equal  apparent  brightness  when  falling  upon  two 
parts  of  a  uniform  white  surface,  then  when  these  rays  are  allowed  to 
fall  upon  a  printed  book  the  t5^pe  is  more  easily  read  which  is  illu- 
minated by  the  yellow  light  than  that  illuminated  by  the  blue.'  It 
may  therefore  be  the  case  that  the  integral  brightness  of  lights  of 
different  spectral  compositions  is  not  a  measure  of  their  power  of 
bringing  out  a  detail  printed  in  black  on  a  white  ground.  If  so,  we 
must  include  amongst  the  powers  of  the  eye  a  definite  detail- 
discriminating  power,  and  among  the  qualities  of  a  ray  of  light  a  detail- 
revealing  power,  understanding  by  this  term  "detail"  a  fine  pattern 
of  black   on  white,  such  as  a  printed  page  or  handwriting,  or  fine 

'  Macede  Lepinay  and  W.  NicaU,  3Foiinial  dc  PUyslquc,No\.1,^,^^,I883. 
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black  lines  or  black  dots  on  a  white  ground*     It  may  be  noted  in 

asking  that  we  cannot  detect  the  exbtence   of  a   black  line  on   a 

hite  ground  unless  the  widtti  of  the  line  subtends   a   certain  angle 

at  the  eye*    A  line  having  an  angular  width  of  i'  can  certainly  be  seen. 

This  corresponds  with  a  tine  i  mm.  in  width  viewed  at  a  distance  of 

344  centimetres*  or  about  1 1  feet*  hut  a  bhck  line  on  a  white  grotmd 

aving  a  width  subtending  an  angle  t''  certainly  cannot  he  seen. 

This  abihty  to  see  a  black  line  on  a  white  ground  is  dependent  on 
he  illumination  of  the  surface.  Thus,  if  we  draw  a  scries  of  parallel 
Wack  lines  of  gradually  increasing  width,  wc  shall  llnd  that  they  cease 
to  be  visible  one  by  one^  either  as  we  move  farther  away  from  them, 
or  as  the  illumination  on  the  paper  is  decreased.  The  same  thing  is 
true  of  white  spots  of  various  angular  magnitudes  placed  on  a  black 
background.  HencCj  the  power  to  discriminate  a  number  of  black 
lines  having  a  given  angular  width  ruled  on  a  w^hlte  surface^  may 
become  a  measure  of  the  tllumi  nation  of  the  surface*  If  on  a  white 
ground  w;c  place  a  numt>er  of  black  tines  or  black  dots,  or  on  a  black 
ground  a  number  of  white  dots  of  such  a  diameter  that  at  the  distance 
of  distinct  vision  they  subtend  an  angle  i'  ;  and  if  we  illuminate  one 
portion  of  tliis  niltjd  or  dotted  surfact^^  one  by  a  standard  itlumination 
and  the  other  by  a  light  under  test,  we  may  assert  the  two  portions  to 
be  equally  illuminated  w^hen  we  can  with  equal  ease  or  sharpness 
distinguish  the  pattern  on  the  tw^o  portions. 

This  statcmcntj  liowever,  is  largely  quahfied  by  the  reflex  power  of 
the  pupil  of  the  eye  to  vary  in  aperture  according  to  the  illumination  of 
the  object  regarded.  If  wc  could  control  the  aperture  of  the  pupil,  there 
might  possibly  be  a  definite  discriminating  power  corresponding  to 
each  grade  of  illumination.  As  it  iSn  the  lower  the  illumination  the 
more  we  *'  strain  "  the  eye  in  the  effort  to  see  detail. 

It  appears  that  this  method  of  judging  the  equaUty  of  illumination 

of  two  parts  of  a  white  surface  docs  not  lead  to  quite  the  same  results 

as  the  process  of  judging  the   integral   brightness  of  the  surfaces* 

Lepinay  and  Nicati  have  accordingly  distinguished  these  two  methods 

by  calling  them  the ''method  of  equal  brightness"  and  the  "method 

oi  equal  distinctness  or  sharpness/^  and  M.  A.  Blondel,  in  discussing 

tMs  subject,  has  pointed  out  that  we  may  distinguish  the  value  of  a 

standard  according  to  its  *Muminous  intensity  "  or  its  "  visual  intensity/' 

°^  we  may  per  imps  translate  these  expressions  some%vhat  freely  by 

Calling  them  "the  power  of  creating  bngJitness'^   and  "  fhc  power  of 

^^djlirtg  detail:'  * 

The  purposes  for  which  we  require  artificial  light  are  partly  for 
*~€i\ealing  what  we  call  the  colour  differences  between  objects,  and 
P=*rily  for  revealing  detail.  In  the  one  case  the  chromatic  quahty  of 
*-tie  light  is  of  great  importance.  In  the  second  place,  the  chromatic 
*lvialily  IS  not  of  so  much  importance,  provided  it  is  accompanied  by 


^  The  reader  may  he  referred  to  a  paper  by  M.  A.  Blondel  read  hefore  the 
^<^gress  r>f  Electricians  at  Chicago,  1893,  See  also  The  EhrtHciaif^  voh  52, 
P  1 17,  for  curves  representing  the  distribution  of  vistmi  intcrfsiiv  and  lutniimtts 
*Jikintty  in  the  spectruin  ;  a!5t>  for  Hn  excellent  discussion  ci(  l\\e  pYtfoV^irtv  qI 
^^^VTrtchnniiti  tic  photometry. 
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sufficient  intensity  or  brightness.  Thus,  for  the  purpose  of  reading, 
we  are  far  less  concerned  with  the  chromatic  quality  of  an  illumination 
than  we  are  when  we  are  providing  an  illuminant  for  a  picture  gallery 
or  a  dye-house. 

Another  matter  in  connection  with  heterochromatic  photometry  of 
special  interest  is  that  known  as  Purkinje's  phenomenon,  which  is 
intimately  related  to  the  general  law  connecting  stimulus  and  sensa- 
tion. The  above  phenomenon  is  best  illustrated  by  the  following 
experiment  : — 

We  take  a  white  right-angled  wedge  and  illuminate  one  side  by  a 
red  light,  and  the  other  side  by  a  blue  light,  and  adjust  the  distances 
of  these  two  illuminants  until  we  obtain  what  we  consider  is  an  equal 
illumination  on  the  two  adjacent  sides  of  the  wedge.  If  we  then  move 
in  both  these  lights  to  half  their  distance  from  the  wedge — in  other 
words,  make  the  objcdive  brightness  of  the  surfaces  fourfold,  we  find 
that  the  retinal  stimulation  or  the  apparent  brightness  of  the  two  surfaces 
are  no  longer  the  same.  It  is  therefore  clear  that  although  the  retinal 
sensation  of  brightness  increases  with  the  objective  or  actual  illumina- 
tion of  the  surface,  it  does  not  increase  according  to  the  same  law  for 
all  colours. 

Fechner's  law  connecting  sensations  and  stimulus  is  sometimes 
stated  in  the  form  that  sensation  varies  as  the  logarithm  of  the  ratio  of 
stimulus  to  minimum  stimulus,  understanding  by  the  latter  term  the 
stimulus  which  has  to  be  applied  before  any  sensation  at  all  results.' 
Hence,  it  is  clear  that  if  we  could  set  out  in  the  form  of  a  curve  for  the 
different  colours,  the  objective  intensity  and  the  retinal  sensation  for 
different  colours,  these  would  be  represented  by  different  curves.  The 
curve  corresponding  to  a  red  light  would  be  steeper  than  the  curve 
corresponding  to  a  blue  light  (see  Fig.  9).  It  follows  from  this  that  if  we 
illuminate  such  a  simple  wedge  photometer  on  one  side  by  a  candle,  and 
on  the  other  side  by  an  arc-lamp,  the  ratio  of  the  distances  at  which  these 
two  illuminants  must  be  placed  in  order  to  produce  what  we  consider  to 
be  an  equal  brightness  on  the  two  surfaces,  will  depend  upon  the  degree 
of  that  surface  brightness.  Hence,  there  is  no  fixed  ratio  between  the 
luminous  intensity  or  illuminative  power  of  an  arc-lamp  and  a  candle 
in  regard  to  the  brightness  they  produce  on  a  white  surface,  apart 
altogether  from  their  colour  difference. 

In  view  of  these  facts,  great  authorities,  such  as  Von  Helmholtz, 
have  declared  that  there  was  no  such  thing  as  heterochromatic  photo- 
metry ;  in  other  words,  no  possibility  of  defining  in  any  scientific 
sense  the  candle-power  of  an  arc.  With  regard  to  colour-distinguishing 
power,  or  colour-revealing  power,  it  is  perfectly  clear  that  no  scientific 
meaning  can  be  attached  to  the  term  "  candle-power  of  an  arc."  Our 
standard  light,  as  regards  revealing  the  so-called  natural  colours  of 

^  If  S  stands  for  sensation  and  I  for  stimulus,  and  /  for  the  least 
stimulus  which  will  create  recognisable  sensation,  then  according  to  Weber's 

investigations  on  Fechner's  Law  S  =  A'  log  r,  where  k  is  some  constant  of 

sensation.  See  also  Principal  C.  Lloyd  Morgan,  F.R.S.,  on  "  Studies  in  Visual 
SensHtion,"  Proc,  Royal  Soc,  vo\.  6%,  p.  ^^c).  The  Croonian  Lecture, 
March  2J,  igoi. 
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;>bjects^  is  daylight^  say  the  light  froTn  a  northern  sky,  sucli  as  that 
t'hicb  ac  artist  admits  to  his  studio.  The  i^ame  surfaces  viewed  by  the 
iid  of  otJierillumitiants  may  create  totally  different  sensations  in  the  eye, 
ind  it  is  a  question  whether  any  single  numerical  coefficient  can  be 
ittached  to  these  ihummants  defining  their  colour-revealing  powers  in 
terms  of  daylight,  taken  as  a  standard.  On  the  other  hand,  if  we  separate 
>ul  the  sensation  of  brightness  from  that  of  colour,  we  can  then  define 
^  the  power  of  an  arc  in  terms  of  that  of  a  candle,  as  regards  its  power 
of  producing  brightness  on  a  white  surface  ^  provided  ii*c  define  what 
that  brightness  shall  be.  If  we  take  as  our  standard  of  brightness  one 
candh-footf  that  is,  the  iUumination  produced  by  one  candle  placc-d  at 
a  distance  of  one  foot  from  a  white  surface,  then  we  can  by  one  single 
number  express  the  ratio  of  the  two  lights  in  producing  brightness  of 
this  kind,  but  the  same  ratio  is  not  applicable  lo  other  degrees  of 
brightness,  and  hence,  generally  speaking,  there  is  no  such  thing  as  an 
absolute  '' can  die -powder  of  an  arc."      In  consequence  of  Purkinje^s 


WlQ.  I)."CL*RVKS  trXtrSTKATlSii   THK   PrHKtNJE  PMKXOMEXOX. 


phenomenon,  an  arc-lamp  has  less  candle-power  I  he  nearer  the  eye 

b  to  it, 

It  has  therefore  been  proposed  tlvat  we  shall  dehne  the  ratio  of  two 

heterochromatic  lights  by  means  of  their  detail -distinguishing  powers. 
This  tiould  he  done  if  we  agree  on  a  certain  pattern  which  shall  afford, 
as  it  were,  a  standard  of  discrimination.  Suppose,  for  instance,  that 
^^  nUc  on  £  white  surface  a  nun;ber  of  black  lines  t  mm.  wide  and 
'  Tnm.  apart  »  then  the  width  of  these  lines  subtends  an  angle  of  i' 
'•'  a  distance  of  3*44  meters.  We  can  l>y  photography  reduce  this 
tliagramto  such  dimensions  that  the  Hues  subtend  the  same  angle  at  a 
rti^tance  of  10  inches,  which  is  about  the  distance  of  distinct  vision.  If 
Wf  cover  the  two  sides  of  the  Ritchie  wedge  or  a  Bunsen  disc  with 
two  pieces  of  paper  equally  ruled  with  the  above  pattern  of  lines,  or 
OIL  Which  the  above  standard  has  been  photographed,  then  vie  might 
nefine  the  equality  of  brightness  or  illumination  on  the  two  surfaces 
<>i  the  disc  or  wedge  as  bcin^  those  which  enable  us  to  d\stiu^\ivsl\  with 
^uaJfisje  the  ruled  pattern  on  the  two  surfaces.     The  same  lesVc^^  ' 
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be  applied  using  white  dots  of  given  angular  magnitude  on  a  black 
ground  as  the  test  object.  Such  an  equalisation  may  be  called  an 
equalisation  of  distinctness,  as  compared  with  an  equalisation  of  mere 
surface  brightness  on  two  white  surfaces.  The  first  may  be  called  the 
meUiod  of  equal  distinctness,  and  the  second  may  be  called  the  method 
of  equal  brightness.  The  two  methods  do  not  lead  to  precisely  the  same 
results  when  we  employ  two  such  illuminants  as  a  candle  and  an  arc- 
lamp. 

Some  of  the  above  statements  have  been  tested  by  experiments 
recently  made  in  the  Pender  Laboratory  at  University  College,  London. 
The  Purkinje  phenomenon  can  be  easily  shown  in  the  following  manner  : 
A  cube  of  wood  is  covered  on  two  adjacent  sides  with  fine  white  card. 
Two  incandescent  lamps  are  placed  in  wooden  boxes,  the  front  of  one 
being  covered  with  red  glass  and  the  other  with  bluish-green.  The 
kind  of  glass  that  is  convenient  to  use  is  that  employed  for  railway 
signals,  known  as  ruby  red  and  signal  green.  These  lamps  arc  placed 
on  either  side  of  the  cube,  so  that  one  surface  of  the  cube  is  illuminated 
by  red  light  and  the  other  by  green,  the  sides  forming  equal  angles  with 
the  rays  of  light.  The  lamps  are  placed  about  6  feet  apart.  The  cube 
must  then  be  so  placed  that  on  looking  at  the  edge  from  a  distance  of 
4  or  5  feet  the  two  surfaces  appear  equally  bright,  one  being  red  and 
the  other  green.  The  two  lamps  are  then  moved  in  each  to  half  their 
distance,  and  it  will  be  found  that  the  side  illuminated  with  red  light 
is  now  much  brighter  than  the  other. 

If,  on  the  other  hand,  the  lamps  are  moved  away  to  double  their 
distance,  the  green  side  predominates  in  brightness. 

Experiments  have  also  been  made  to  obtain  a  standard  for  testing 
the  discriminating  power  of  the  eye  in  various  illuminations.  This  has 
been  done  in  the  following  manner  :  It  is  possible  to  buy  a  certain  kind 
of  black  printed  calico  with  white  spots  upon  it  placed  at  equal  intervals, 
these  white  spots  being  2  mm.  in  diameter.  If  a  square  of  this  material 
is  photographed,  it  is  possible  to  obtain  a  photograph  consisting  of 
black  spots  on  a  white  ground  of  such  a  size  that  when  the  photograph 
is  viewed  at  a  distance  of  lo",  which  is  the  distance  of  distinct  vision, 
the  diameter  of  the  spots  subtends  an  angle  of  i'.  By  preparing  two 
paper  photographs  of  this  description,  consisting  of  black  or  white  dots 
having  an  angular  magnitude  of  i',  and  placing  these  photographs  on 
either  side  of  a  Ritchie  wedge,  it  is  easy  to  balance  two  lights  placed 
on  the  two  sides  of  the  wedge,  not  with  regard  to  their  power  of  making 
equal  surface  brightness,  but  with  regard  to  their  power  of  equally 
revealing  detail. 

A  difficulty,  however,  that  has  presented  itself  is  that  this  photo- 
metric method  does  not  appear  to  be  sufficiently  sharp.  One  can 
change  the  intensity  of  one  of  the  lights  by  a  percentage  which  would 
make  itself  at  once  evident  in  an  ordinary  photometer,  without  changing 
in  a  very  marked  degree;  the  discrimination  of  the  detail.  This,  how- 
ever, is  undoubtedly  connected  with  the  reflex  power  of  the  eye  to 
accommodate  itself  to  different  illuminations  on  the  surface  regarded. 
Jf  the  illumination  falls  off  on  one  side,  the  pupil  of  the  eye,  in  looking 
at  that  surface,  immediately  expands  m  \.\vg  ett.ot\.  lo  s^^xcVv  ior  more 
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staih     This  matter  doesi  not  seem  to  have  rcceiv^jd  su0ic(cnt  attention 
in  many  researciics  in  which  the  power  of  the  eye  to  sec  fine  lines  has 
^^bcen  used  as  a  measure  of  brightness* 

^B  The  aathor  hasj  however,  fonnd  that  the  difticulty  arising  from  the 
^Keflex  adjustments  of  the  pupil  of  the  eye  can  be  greatly,  if  not  entirely, 
^Kvercome  by  the  following  simple  device  : — A  thin  metal  piate  is  placed 
^tn  front  of  one  eye,  which  is  pierced  with  an  aperture  i  mm,  in  diameter^ 

and  through  this  small  opening  the  diagram  on  the  photometer  disc  or 
^■kv^edge  is  examined.  The  light  that  reaches  the  eye  is  therefore  limited 
^^P^y  the  angular  aperture  of  this  small  opening,  and  no  alteration  in  the 

pupil  of  the  eye,  withiJi  the  htnits  naturally  occurring,  can  influence 

the  aivioiint  of  light  entering  the  eye*     Nothing  can  alter  it  but  the 

illu  till  oat  ion  of  the  disc  looked  at. 


W 


Df^cnminaCton  dktgnxm. 


1 
i 


Fig,  lo. — DJSCKiMiNATiON  Fhotumetes  (Flemino). 


\V.   Rjtchit]  Wedge  ujv^^  \\\ih  Ruled  Disiiriuilustloii  t}iai;rnin  W. 
K.    l^jjhuJt  Eyvpiccc.  A  iiud  H  Tw*:*  Sources  uJ  Light 


T.    Eye-pi  L'Cc  TmtJe. 


During  this  examination  of  the  disc  through  the  small  aperture  the 
other  eye  niust^  of  course,  be  closed.  Any  one  caji  try  the  experiment 
by  pricking  a  hole  in  a  visiting*card  with  a  large  pin,  aud  holding  this 
iiperlurc  exactly  in  front  of  one  eye. 

If,  aided  bv  this  simple  device,  we  examine  a  bheet  of  black  paper, 
or  bbick  calicOi  on  which  there  are  small  white  iipots  or  narrow  white 
lln^s,  it  will  be  found  that  as  the  illumination  is  gradually  decreased 
upon  the  screen,  the  spots  vanish  with  extreme  sharpness  at  one  point. 
It  follows,  therefore,  that  by  the  use  of  sueh  an  **  artificial  pupil "  of 
c<jnitaiit  size,  the  process  of  photometry  by  the  discrimination  of  a 
^tiind^rci  black  and  white  pal  tern  is  rendeiud  much  more  exact. 

Thi;  arraugenients  most  convenient  to  use  for  such  a  liistrinunaHon 
tMrntder  are  a  brass  lulie,  havhig  at  tiie  end  close  to  the  eye  a  brass 
\yhUi  pierced  with  aJi  aperture  i  mm,  in  diameter  (see  Fig.  lo).  By  thea.id 
of  t  Im  I  u  be  we  cxa  in  rne  h  Ritch  ic  wvdge,  t  he  t  wo  sides  o!  which  at  e  cois  ^X  ^^1 
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over  with  white  paper  ruled  with  black  lines  of  various  widths  and 
placed  on  the  sides  of  the  wedge,  or  else  with  dead  black  paper,  on 
which  there  are  small  white  spots  or  parallel  white  threads  one- 
lifteenth  of  a  millimetre  in  diameter.  These  spots  or  lines,  when 
regarded  from  the  distance  of  most  distinct  vision — namely  lo  inches 
— have  an  angular  magnitude  of  i  minute.  Such  a  standard  paper 
can  be  prepared  by  photography  without  difficulty,  and  it  may  be 
possible  to  agree  upon  a  standard  discrimination  pattern^  consisting  of 
such  white  dots  one-fifteenth  mm.  in  diameter,  placed,  say,  i  mm. 
apart,  and  examined  at  a  distance  of  250  mm.  through  an  aperture 
I  mm.  in  diameter  placed  close  to  the  eye.  Two  lights  are  then 
said  to  produce  equal  illuminations  on  this  disc,  if  when  so 
regarded  we  see  the  pattern  on  each  part  with  equal  distinctness. 

The  question  which  remains  to  be  decided  is  which  of  these  two 
methods  best  gives  us  a  measure  of  the  practical  value  of  the  illumi- 
nant.  Before,  however,  we  can  construct  a  photometric  method,  we 
must  know  the  law  according  to  which  the  effect  varies.  The  assump- 
tion which  lies  at  the  root  of  all  present  methods  of  photometry  is  that 
the  brightness  of  a  surface  varies  inversely  as  the  square  of  the  distance 
of  the  illuminating  source  from  it.  The  postulates  made  are  that 
equality  in  retinal  sensations  implies  equality  in  objective  brightness 
or  illumination,  and  that  actual  illumination  must  vary  inversely  as  the 
square  of  the  distance  from  the  luminous  source,  in  consequence  of  the 
rectilineal  propagation  of  light.  If  the  detail-distinguishing  power  of 
the  eye  does  not  vary  pari  passu  with  the  illumination  of  the  surface, 
we  have  no  right  to  assume  that  we  can  read  equally  well  by  the  light 
of  four  candles  placed  two  feet  away  from  the  page  as  by  one  candle 
placed  one  foot  away.  If  an  arc-lamp  at  a  distance  of  10  feet  renders 
a  certain  black  and  white  detail  as  clearly  as  a  candle  placed  one  foot 
away,  we  can  infer  nothing  about  the  "  candle-power  "  of  the  arc  until 
we  know  how  many  candles  placed  at  10  feet  away  are  equivalent  in 
detail-revealing  power  to  one  candle  placed  one  foot  away  from  the 
surface.  Experiment  shows  that  the  detail-revealing  power  of  four 
candles  at  two  feet,  and  nine  candles  at  three  feet,  and  one  candle  at 
one  foot  are  practically  the  same.  Hence,  if  in  the  above  case  of  the 
arc  and  candle  we  find  that  an  equality  of  detail-revealing  power  results 
from  the  arc  at  10  feet  and  the  candle  at  one  foot,  we  can  say  that  the 
arc  in  question  has  100  candle-power.  Suppose,  however,  we  compare 
the  integral  brightness  of  two  adjacent  white  surfaces  produced  by 
these  two  illuminants  respectively,  at  the  distances  named,  we  should 
then  probably  find  that  the  arc-illuminated  surface  looked  brighter 
than  the  candle-illuminated  surface.  The  arc-light  contains  rays  that 
practically  add  nothing  to  its  detail-revealing  power,  but  they  do  add 
to  its  integral  brightness-producing  power. 

The  sum  and  substance  of  the  foregoing  discussion  is  that  our 
methods  of  defining  luminous  intensity  are  still  imperfect.  The  term 
"  candle-power  of  an  arc  "  has  no  scientific  precision  as  at  present  used, 
and  we  must  seek  for  some  better  basis  for  the  numerical  evaluation  of 
an  arc-lamp. 

The  difficulties  of  heterochromatic  photometry,  and  especially  the 
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person aJ  difHciilty  experienced  by  many  observers  in  distinguishing 

between   the  general   brightness   of    two   surfaces  and    their   colour 

difference,  has   tud   to   many  suggestions  with  the  object  of  putting 

the   pbotometry  of  lights  of  a  different  spectral  character  on  a  niore 

c%,TtaJn  basis.    Two  of   therse   methods   are   suAicienlly   important  to 

deserve  mention  here*    The  ikiit  is  that  doc  to  Crova,  which  is  based 

upon    absorption.     The  old  plan  of  holding  a  piece  of  red  or  green 

glass  in  front  of  the  eye  w*hen  comparing,  by  means  of  the  pliotometer, 

an  arc-lamp  with  a  candle  or  glow-lamp  is^  of  coursCp  utterly  unscientihc^ 

a-iTcl  I  he  figures  obtained  of  no  value  whatever.    Crova' s  method  depends 

oil  the  fact  discovered  by  him  (see  Couipii's  Ri'miii'sy  vol.  ^15,  p,  571) 

that  the  integral  brightness  of  two  ne^u'ly  white  lights  are  in  the  ratio 

of   the  brightness  of    the  rays  in  them  havinji*  a  wave-length  *$^2^. 

Hciice^  if   by  means  of   an  absorbing   medium  we    select   from    two 

hcterochromatic   lights   the  rays  approximately   of   tliis   w*ave-length 

and  determine  their  relative  intensitvi  we  have,  according  to  Crova, 

a  (igure  which  gives  us  I  he  relative  briglrtness  of  the  two  lights.     For 

this    purpose,  Crova  employs    a    sokition    consisting    of    sublimated 

anhydrous  ferric  chloride  2t;^2i  grams.  crystaUiscd  nick  clous  chloride 

27' 191  grams,  dissok-ed  in  distilled  w^ater,  and  the  volume  brought  up 

to   100  cubic  centinietres  at  15  degrees  centigrade.     This  solution  is 

placed   in   a  glass  trotjtgh,  and  transmits  radiation  of  a  wave-length 

lying  between  '630^*  and  "534/*  having  a  well-marked  maximum  at 

•582^.'     If  this  trough  is  held  in  front  of  the  eye  when   making  a 

photometric  comparison  between  an  arc  lamp  and  a  candle^  and  if  the 

distances  of  the  illuminants  are  adjusted  so  that  the  two  parts  of  the 

photometer  disc  seen  through  this  solution  are  of  equal  brightness, 

then^  according  to  Crovaj  the  luminous  intensities  of  the  two  lights  are 

inversely  as   the  squares  of   their  distances  from   the  screen.     It  is 

certain^  howeverj  that  Crova's  method  can  only  be  applied  within 

limits.     If  the  spectral  character  of  the  two  lights  is  vcrj''  different, 

it  is  unquestionably  inapplicable. 

Another  method  for  eliminating  the  colour  dilTiuulty  in  the  photo* 
metry  of  dissimilar  lights  is  by  employing  the  method  of  '' flicker** 
suggested  by  Professor  O.   N*  Rood  in  t^}^,^    Rood  constructed  a 
phcitometer  as  follows  : — A  Ritchie   wedge  with  white  surface   has 
placed  in  front  of   it  a  prism  or  a  lens  in  such  a  manner  that  on 
looking  through  it  the  eye  sees  only  one  of  the  surfaces  of  the  wedge 
iita  lime.     If  the  prism  or  lens  is  made  to  vibrate  rapidly,  so  that  alter- 
nate glimpses  are  obtained  of  the  two  sides  of  the  wedge,  we  have 
whM  is  called  a  '*  flicker  photometer,"     If  the  two  sides  are  illuminated 
hy  heterochromatic  lights,  then  on  employing  the  vibrating  prism  the 
difficulty  of  determining  when  the  two  sides  on  the  wedge  are  equally 
bright,  apart  from  their  colour  difference,  is  reduced, 

1'lie  principle  of  the  flicker  photometer  was  discovered  by  Professor 
Rood  in  the  course  of  some  experiments  with  a  Maxwell  colour  top, 

'  ft  ^  eoi  millimetre.  Ciym/^ii"^  RimtuSf  vol.  119^  No.  16,  p.  627  ;  Oct.  I5lh 
^^  t-Udtidnn^  vol.  33,  p.  754  ;  or  l^ala^,  Ttniii^  tL-  Pftoiomi'ttu'lmiiistth'itt\p.  til. 

*  ^i-k'ttce^  vol,  7,  1898^  p.  757.  AJso  Schifce  AbstnufSf  voi.  2,  Abstract  26, 
^^^^tAmematt  Jonrval  of  SiUncCj  voL  46,  p,  173,  1893. 
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The  principle  involved  is  that  if  two  surfaces  are  alternately  presented 
to  the  eye,  which  are  differently  illuminated,  then  a  certain  peculiar 
flicker  is  produced,  which  is  destroyed  if  the  surfaces  are  made  to  be 
equally  bright.  The  two  surfaces  must,  however,  alternately  fill  up  the 
whole  field  of  view  of  the  eye,  and  be,  as  it  were,  superimposed.  The 
flickering  effect  then  disappears,  provided  that  the  surfaces  are  equally 
bright,  no  matter  whether  they  are  of  the  same  colour  or  not.' 

Another  variety  of  flicker  photometer  has  been  described  by  Pro- 
fessor F.  P.  Whitman.^*  From  a  circle  of  white  card,  which  is  fixed  to 
the  axis  of  a  motor,  he  cuts  away  a  semicircular  segment.  This  disc  is 
placed  on  the  photometer  bench  so  as  to  make  an  angle  of  30  degrees 
with  the  line  of  light.  Behind  this  disc  is  placed  another  fixed  sheet 
of  white  card,  inclined  at  an  angle  of  60  degrees  to  the  revolving  disc. 
The  two  lights  to  be  compared  are  placed  on  either  side  of  this  arrange- 
ment, and  on  revolving  the  disc  and  looking  in  the  proper  position  we 
obtain  intermittent  glimpses  of  the  white  card  behind.  The  brightness 
of  the  two  surfaces — namely,  that  of  a  disc  and  the  card — are  then 
equalised  by  moving  the  lights,  and  this  equality  in  brightness  is 
known  to  exist  when  the  "  flicker "  just  vanishes.  The  author  has 
made  a  slight  modification  of  the  above  form  of  flicker  photometer 
by  employing  a  white  card  disc  cut  in  the  form  of  a  Maltese  cross,  with 
the  open  sectors  equal  in  magnitude  to  the  cross  arms,  and  using  the 
disc  on  the  axis  of  a  motor  as  above  described  (see  Fig  11).  Another 
compact  form  of  flicker  photometer  devised  by  the  writer  contains  in 
a  box  the  screen  and  fan  driven  by  clockwork  at  just  the  right  speed. 
It  is  quite  an  easy  matter  to  compare  by  means  of  it  an  arc-lamp  and 
a  candle. 

Mr.  A.  Vernon  Harcourt  has  mentioned  in  a  paper  on  "Photo- 
metry by  the  Pentane  Standard"  that  his  attention  was  drawn  by 
Mr.  Dibdin,  chemist  to  the  late  Metropolitan  Board  of  Works,  to 
the  fact  that  a  star  disc  affords  a  much  better  means  of  comparing 
heterochromatic  lights  than  the  simple  Bunsen  grease-spot  disc.  In 
using  the  ordinary  Bunsen  grease-spot  disc  for  the  comparison  of 
heterochromatic  lights,  the  writer  has  found  that  the  colour  difficulty 
is  partly  eliminated  by  throwing  the  eye  out  of  focus.  In  other  words, 
not  endeavouring  to  obtain  too  sharp  a  view  of  the  object  looked  at. 

It  was  shown  in  1877  by  Charpentier,  and  Donders  in  1880,  that  the 
so-called  yellow  spot  in  the  retina  of  the  eye  is  less  sensitive  than  the 
remainder  of  the  retina  to  the  most  refrangible  rays.  Hence  the 
judgment  which  is  formed  as  to  the  relative  brightness  of  two  adjacent 
surfaces  different  in  colour,  will  depend  upon  the  angular  magnitude 
of  these  surfaces.     If  the  two  surfaces  do  not  subtend  an  angle  at  the 

'  Accurdin^  to  the  investigations  of  E.  S.  Ferry  on  "  Persistence  of 
Vision"  (see  American  'Journal  0/  Science,  vol.  44,  September,  1892),  the 
duration  of  a  visual  impression  upon  the  eye  is  not  much  affected  by  colour, 
but  almost  entirely  determined  by  brightness,  and  the  duration  (D)  varies 
inversely  as  the  logarithm  of  the  brightness  (B)  of  the  light,  or 

^""Fbg~B* 
=  Science  Abstracts,  vol.  2,  Abstract  No.  28.    Also  Physical  Review,  vol.  3, 
p.  241,  idcjO,     See  Proc.  Brit,  dissociation,  M>^Ydv:tu,  \»»$. 


|fe  greater  than  45'^  then  there  is  a  selective  action  iu  the  eye  which 

iuces  the  colour  difference  between  the  two  patches,  and  renders 

re  easy  to  decide  as  to  their  relative  brightness*     If,  howe%'er,  the 

etches  to  be   compared  are   much  smaller  than    this,    there   is  a 

^nsiderable  increase  in  difficulty  in   deciding  as  to  their  general 

brightness. 

Before  heter&chromatic  photometry  is  placed  on  a  peilcctVv  s-afe- 
Vol,  32,  u     '        ^  ^ 
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factory  basis,  we  require  to  determine  and  to  define  more  closely  what 
it  is  we  arc  comparing^  or  desire  to  compare.     We  w^ant,  if  possible, 
some  means  of  defining  how  far  any  given  illiiminant   differs  from  , 
daylight    in    colour-revealing    power   for  certain  standard   colour e 
surfaces. 

This  may  be  difficult  to  do  numerically,  but  it  is  probably  not| 
impossible.  Considering  various  surface  colours  produced  by  paint 
or  dyes,  we  find,  for  example^  tliat  certain  shades  of  green  affect  the 
eye  differently  by  daylight  and  by  candlelight  or  arc- fight.  It  may  be 
possible  to  define  in  some  numerical  manner  the  degree  of  this 
difference*  If,  for  instance,  we  are  engaged  in  lighting  a  picture 
gallery  so  that  it  can  be  visited  at  night,  our  object  is  to  produce  an 
illumination  which  as  nearly  as  possible  will  reproduce  daylight  in  its 
effect  on  the  picttires.  At  present  there  is  no  means  of  describing  in 
any  definite  manner  how  far  any  given  illuminant  is  appropriate  for 
this  purpose  or  not. 

In  the  next  place  we  require  to  arrange  and  define  a  standard  detail 
pattern,  in  order  that  w*e  may  determine  the  quality  of  any  given  light 
in  revealing  detail ;  and  finally,  with  respect  to  the  integral  brightness, 
we  have  to  determine  and  define  a  standard  of  brightness  or  illumina- 
tion in  the  production  of  which  the  lights  considered  should  be 
compared.  H 

The  mere  term  "candle-power  of  an  arc'*  is   unquestionably  too  ™ 
vague  to  satisfy  requirements  at  the  present  day,  in  defining  the  value 
of  a  given  electric  arc-lamp  as  an  illuminating  agent.     Apart  altogether 
from  the  difference  in  the  distribution  of  the  light  created  by  continuous- 
current  arcs,   and  alternating-current  arcs,  open  and  enclosed    arcs, 
flame  arcs,  and  other  varieties  of  arcs  with  specially  prepared  carbons, 
there  are  peculiarities  about  the  light  emitted  from  these  various  forms 
of  arc-lamp  which  render  them  best  suited  for  particular  forms  of 
tJlumination,  and  not  sufficient  information  of  scientific  value  is  gained 
by  simply  describing  them  as  arcs  of  so  many  mean  spherical  candle-^ 
power  J  or  so  many  watts.     Our  ideal  light  is  daylight.     We  ought  tofl 
be  able  to  define  how  far  any  artificial  light  can  act  as  a  substitute  for 
daylight  in  enabhng  us  to   see   surrounding  objects  in  their  proper 
colourSj  with  their  proper  details  and  their  proper  brilliancy  or  relative 
brightness. 


IV.  Photometric  Units, 


I 


We  may  in  conclusion  make  a  brief  reference  to  the  subject  of 
photometric  units  and  International  agreements  thereon.  The  Congress 
of  Electricians  at  Geneva  in  1896  adopted  a  nomenclature  as  follows  : — 
They  accepted  as  the  names  of  the  five  fundamental  photo  metrical 
quantities  the  terms,  (i)  Luminous  intensii}\  or  Inttiisiiy,  (2)  Ltitninous 
flux.  (3)  nfumifuitwn.  (4)  B right nesSf  or  Intrinsic  brightness.  (5) 
Lighting^  or  Quantity  of  Light, 

They  adopted  as  the  unit  of  luminous  intensity  the  candle^  and 
defined  it  as  being  practically  represented  by  the  decimal  candle  or 
bougie-decimalc,  which  a  previous  Congress  in  1889  at  Paris  had  defined 
as  the  twentieth  part  of  the  light  emitted  normally  by  one  square 
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en ti metre  of  platimim  at  its  melting  point.  The  1896  Congress  further 
asserted  that  this  decimal  candle  might  be  practically  represented  by 
the  Hefner  unit.^  As  the  unit  of  luminous  Jinx  they  adopted  the  word 
Lnmen  to  signify  the  hght  ^Qni  ont  from  a  unit  source  through  a  unit 
solid  angle.  Following  the  decision  of  the  Congress  held  in  1893  at 
ChicagOj  they  defined  the  unit  of  illumination  as  a  flux  of  one  lumen 
per  square  meter,  and  it  n  Lux,-  and  the  other  units  were  specified  as 
in  the  table  below  : — 


Photometric  Quantities. 

Luminous  Intensity 

Luminous  Flnx     ,.. 

Ilhimination 

I  ntri nsi c  B righ to e ss 

Quantit>^  of  Light 


Units. 


Symbols* 


The  Candle      ...  .     I 

The  Lumen      ...         ...         .,,  $ 

The  Lux           E 

Candles  per  square  centimetre  i 

The  Lumen-hour        ,.,         ,.,  Q 


The  resolutions  of  Congresses  are  often  carried  at  the  instigation  of 
one  or  more  infitiential  or  persuasive  speakers,  hut  it  is  a  matter  of 
regret  that  we  have  not  in  thc^e  matters  what  the  politicians  call  a 
I  Referendum  to  the  general  tiody  of  electricians.  No  Congress  cam  force 
a  term  into  use  which  does  not  commend  itself  to  the  mind  of  the 
ordinary  worker.  In  this  case  one  cannot  btit  wish  that  the  resolutions 
adopted  had  been  previously  more  discussed  in  the  technical  press. 

In  the  tirst  place,  the  Candle  is  too  small  a  unit  of  luminous  intensity 
for  the  purpose  of  electric  photonietr>%  The  unit  of  lighting  adopted 
now  for  a  long  time  past  by  electrical  engineers  has  been  the  30-watt 
glow-lamp  which  when  working  at  3  watts  per  candle  gives  a  light  of 
10  candles.  Furthermore^  electricians  are  accustomed  to  reckon  out 
the  whole  of  the  lighting  of  a  supply  station  which  is  conducted  partly 
by  arc-lighting  and  partly  by  glow-lamps  of  various  sizes,  in  its 
equivalent  in  30* watt  glow-lamps,  which  used  to  be  called  8-candle 
lamps,  but  as  a  matter  of  fact  are  nearer  lo-c.p.  Again,  a  10- candle 
lamp  is  now  the  photomeh"ic  unit  adopted  in  gas-light  photometry 
by  the  Gas  Referees.  The  Carcel  lamp,  the  French  official  standardt 
has  a  value  not  far  from  10  candles.  Hence  the  candle  is  becoming 
a  thing  of  the  past,  both  as  a  practical  illuminant  and  as  an  actual 
standard  in  photometry.  We  have  got  rid  of  the  article  itself^  why 
should  we  retain  the  name  ?  It  is  like  continuing  to  reckon  lengths  in 
**  barleycorns/'  three  of  which  were  said  to  make  an  inch  ;  and  if  the 
candle  is  no  longer  in  use  in  practical  photometry,  it  w^ill  soon  have  to 
be  expunged  from  the  Statute  book  as  the  legal  unit  of  light.  At  the 
present  time  it  may  almost  be  called  archaic,  a  thing  to  be  preserved 
in  museums,  but  not  to  have  its  name  perpetuated  as  a  unit  of  light 
m  every   way   too  jimall  for   modern    purposes,     A  unit   of   light   of 

'  See  Rapport  s{tr  les  Unites  PholomctriqucSf  par  M*  A.  Blondeh  Cottgrh 
hkrtntfioiHtl  fks  Eie€trtdeiL%  Geneve*  i8g6. 

=  The  word  Lux  was  originally  suggested  by  Sir  W»  H.  Pre  etc,  at  the 
Mg  Paris  Congress  of  Electricians,  as  the  name  for  a  unit  of  Tllumination^ 
atid  applied  by  him  to  express  an  illwrninatton  eqaal  to  a  Carcel-Mdn%  nearly 
equal  lo  one  ctxmilc-fimt  in  magnitude. 
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convenient  magnitude  for  the  purposes  of  electric  lighting  is  that 
which  is  given  by  the  3o-\vatt  glow-lamp  or  by  the  Harcourt  pentane 
lamp  as  adopted  by  the  (ias  Referees. 

Instead  of  calHng  this  standard  of  luminous  intensity  ten  candles, 
why  not  call  it  one  lamp  f    The  word  lamp  is  a  short,  common  word 
existing  both  in  French  and  German,  and  therefore  not  presenting 
anything  strange  in  sound.*     A  light  which  we  now  call   lo-candle 
power  would    be    called    one-lamp   power,    and    similarly    lamps    of 
20-,  50-,  and   loo-candle-power  would  then  be  called  lights  of  two- 
lamp   power,  five-lamp  power,   and    ten-lamp  power.      These    simple 
multiples  are  more  convenient  than  the  present  8-,  16-,  and  32-candle 
multiples  which  are  in  use  for  glow-lamp  classification.     These   last 
multiples  were  only  adopted  originally  because  at  the  outset  electric- 
lighting  people  copied  gas-lighting  people  in  everything.      We  put 
our  wires  originally  into  gas  brackets,  fixed  our  electric  lamps  to  gas 
chandeliers,  and  selected  as  the  standard  glow-lamp  one  which  gave 
the  same  light  as  an  argand  gas-burner  consuming  5  cubic  feet   per 
hour.  It  would  appear,  therefore,  that  a  case  can  certainly  be  made  out 
for  reckoning  luminous  intensity  in  larger  units  than  a  candle,  each  of 
which  is  called  one-lamp  power,  and  equivalent  to  what  we  now  call 
lo-candle  power.'    This  would  have  another  advantage,  because  the 
unit  of  brightness  or  illumination   would  then   be   the   Lamp-metre, 
namely,  brightness  produced  by  a  luminous  intensity  of  one  lamp  on 
a  white  surface  at  a  distance  of  one  metre.    This  brightness  would  be 
very  nearly  equal  to  a  Carcel-metre,  originally  named  a  Lux  by  Sir 
W.  H.  Preece,  and  to  that  which  we  call  one  candle-foot,  a  convenient 
illumination  for  the  purposes  of  vision.      The  candle-metre  or  Bougie- 
metre  christened  by  the    1896  Congress  one   Lux  is  too   small   an 
illumination  to  take  as  a  standard.    An  illumination  of  one  lux  on  a 
printed  page  is  not  sufficient  to  enable  us  to  read.     It  is  about  the 
illumination  given  on  a  newspaper  in  the   hands  of  an  unfortunate 
traveller  in  a  railway  carriage  illuminated  by  one  of  the  miserable  oil — 
lamps  still  in  use  on  some  lines.    The  least  comfortable  illumination  for-^ 
discriminating  print  is  one  10  times  as  great  as  that  called  by  the  189^= 
Congress  a  lux.    The  practical  photometerist  hardly  ever  feels   th^ 
need  for  other  units  than  those  of  luminous  intensity  and  illuminatiorr— 
In  the  suggested  nomenclature  the  unit  called  the  lamp  would  be  th_-^ 
name  for  the  lirst,  and  the  lamp-metre,  which  might  also  be  called 
lux  if  desired,  would  be  the  unit  for  the  second. 

If  the  Violle  platinum  standard  should  be  ultimately  adopted  as  tb^ 
final  standard  of  reference  in  Great  Britain,  the  lamp  might  be  defin«^:z 
as  that  light  given  out  normally  from  half  a  square  centimetre  of  t  '^1 
surface  of  platinum  at  its  melting  point.  It  could  be  reproduced  <?/ 
recovered  at  distant  places  by  the  use  of  a  Harcourt  pentane  arga-:m7c/ 
lamp,  or  by  the  use  of  one  of  the  large  bulb  electric  glow-lamps  taki/7^ 
30  watts. 

*  French,  La  Lampc  ;  German,  Die  Lampc. 

^  Although  so-called  5-candle  lamps  are  much  used  in  electric  lighting,  no 
difficulty  ivouJd  arise  in  speaking  ol  tVvese  ^^  \\cdfAawp  fowcr^  and  the  25-c.p. 
lamps  as  quarter-lamp  power. 


L902,J 


ELECTRIC  LAMPS. 


165 


I 


I 


Again^  why  do  we  stilt  adhere  to  that  rather  absurd  method  of 
Tneasuring  what  is  c ailed  the  "  efliciency  "  of  an  electric  lamp  by  stating 
the  u*aih  per  diiitile  ?  This  so-called  efticiency  is  greater  the  lesii  the 
number  by  which  it  is  defined*  We  ought  rather  to  specify  this 
quantity  in  iumens  pt^r  watt  or  /tr  kilowatt.  In  lumens  per  watt  the 
efficiency  is  a  number  near  to  4  for  a  glow-lamp  and  12  for  a  continuous- 
current  arc^  and  these  numbers  give  us  at  once  some  idea  of  the  relative 
economy  h\  working.  We  prefer ^  however*  apparently  to  travel  along 
old  intellectual  grooves  rather  than  strike  out  for  a  new  and  better  way. 

A  more  important  matter,  however,  than  the  reorganisation  of 
nomenclature  is  the  actual  estitblishinent  in  England  of  a  primary 
reference  standard  of  light.  At  pre>t^ut  there  is  no  Court  of  Appeal 
in  case  of  disputes  as  to  the  so-called  eiuidle-power  of  gUnv-lamps  or 
arc-latups.  Without  prcsumhig  to  dictate  a  course  of  action,  it  is  mucli 
to  be  desired  that  this  matter  should  engage  the  attention  of  the 
National  Physical  Laboratory  without  delays  and  that  a  careful  re- 
investigation should  be  made  of  the  Viollc  platinum  standard,  and  at 
the  same  time  the  Lunimer  and  Kurlbaum  platinum  standard  as  adopted 
by  the  Reichsanstalt  should  be  examined.  Also  experiments  should  be 
undertaken  to  see  how  far  the  large  bulb  glow-lamps  made  on  the 
plans  suggested  by  the  author  can  be  employed  as  a  means  of  dis- 
tributing or  reproducing  this  standard  in  distant  places. 

The  Hefner  lamp  has  rightly  never  been  accepted  in  Great  Britain, 
as  it  is  not  a  suitable  practical  unit  for  electric  photometry,  but  if  the 
platinum  reference  standard  could  be  set  up  at  one  or  two  places,  and 
if  it  could  be  shown  that  the  light  from  one  square  centimetre  of  molten 
platinum  is  practically  represented  by  twice  that  given  by  a  Harcourt 
pentane  lamp»  or  by  a  certain  glow-lamp  made  and  used  in  a  certain 
manner,  the  difficulties  which  beset  photometry  at  the  present  moment 
from  the  want  of  a  common  recognised  standard  would  be  diminished. 
It  is  unfortunate  Ihat  national  feeUng  seems  to  enter  into  this  question 
^•of  the  selection  of  standards  of  light-  No  sooner  is  one  practical  unit 
suggested  in  France  than  a  different  one  is  adopted  in  Germany  and 
a  third  in  England  ;  but  that  is  no  reason  why  the  whole  question  should 
not  even  now"  be  re-examined  ab  intth  by  photometrical  experts  with 
the  object  of  settling  an  Internationa]  Unit  of  Light,  and  obtaining  for 
it  universal  acceptance  as  in  the  case  of  the  International  Electrical 
Units. 

These  suggestions  are  thrown  out  not  in  any  dogmatic  spirit,  but  as 
the  result  of  nearly  twenty  years'  experience  in  the  testing  of  electric 
lamps,  and  in  the  hope  that  they  may  stimulate  discussion  and  enable 
*he  members  of  this  Institution  to  formulate  their  experience  and 
ffinioii^  on  the  photometry  of  electric  lamps. 
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i^t^i.  II,  KRUsi^Photomeler  nnti  HeJII^keitsmcssungcu.    C.  /..  U  OvV>  \i. 
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i88i.  R.  Sabine— On  a  Wedge  and  Diaphragm  Photometer.    Phil.  Mag. 

(5),  15,  22. 
1882.  E.  C.  Pickering— Wedge- Photometer.    Nature^  July  13,  Zcitschr,  f. 

Ittstrk.,  2,  340. 

1882.  Ayrton  and  Perry — A  Simplified  Dispersion  Photometer.    Proc.  Phys. 

Soc.  Lond.y  vol.  v.,  p.  109. 

1883.  L.    SiMONOFF — Sur   un    Photometre   optique.      Compks   Rcndiis^    97, 

1053. 
1883.  L.  Weber— Zur  Photometric,     c:.  Z.f.  Opt,  11.  Mech.,  5,  181. 
1883.  M.  Hartley— Photometrie.     Lnm.  Elcdrique,  10,  58. 

1883.  Sir  John  Conroy — Proc.  Roy.  Soc,  xxxv.,  p.  28,  or  Phil.  Mag.,  vol.  xv., 

P-425. 

1884.  H.  Kruss— Eine  neue  Form  des  Bunsen-Photometers.     Abhdlgn.  d, 

Naitiiw.  Ver.  Hhg.,  8,  55  ;  C.  Z,  /.  Opt.  11.  Mcch.,  5,  181  ;  Joum.  f. 
Gashcl.,  1884,  587  ;  Rep.  d  Phys.,  20,  729  ;  C.  B.f.  Elcktrot.,6,  781. 

1884.  W.  J.  DiBUiN— Some  New  Phases  in  Photometrical  Practice.    Jouni. 

of  Soc.  ofChcm.  lud,^  May,  1829. 

1885.  W.  J.  DiBDiN— Further  Notes  on  the  Radial  Photometer.     Jouni.  oj 

Soc.  ofChem.  hid.,  April  29. 
1885.  H.  Kruss — Das  Compensations- Photometer.    Joitnuil  f.  Gashcl.,  1885, 

685  ;  C.  Z.  /.  Opt,  it,  Mcch,,  6,  219;  D.  Gastcchu,,  5,  49  ;  C.  B.  f. 

Elcktrokch.,  7,  716  ;  Ltim.  Electr.,  19,  118. 
1885.  A.  Crova — Sur  I'emploi  des  ecrans  diffusauts  dans  la  Photometrie. 

Anil,  dc  Chim.  et  Phys.  (6)  5,  342. 

1889.  E.  L.  Nichols — The  Personal  Error  in  Photometry.      Trans.  Aiiier. 

lust.  Elcc.  Eiig.,  May  22,  1889. 

1890.  E.  L  Nichols — Note  on  a   New   Photometer.      Trans.  Amcr.   Inst, 

Elcc,  Eiig.,  vol.  vii.,  May,  1890. 

1891.  Lummer  AND  Brodhun — Photometers.    Electrician,  vo\.  xxvi.,  p.  665. 

Also  vol.  xlix.,  p.  324.    Good  diagrams  of  an  early  form  of  Lummer- 
Brodhun  Photometer. 

1892.  Lummer  and  Brodhun — Beschreibung  u.  Anleitung  zum  Gebrauch  des 

Photometers.     Schilling's  Jonrn.  of  Gas  Lighting,  1892. 

1893.  A.  P.  Trotter— A  New  Photometer.     Proc.  Phys.  Soc,  London,  June, 

1893,  or  Phil.  Mag.,  July,  1893. 

1893.  A.   Blondel — The  Continuous  Current  Arc  as  a  Standard  of   Light. 

Electrician,  vol.  xxxii.,  p.  117. 
An  Abstract  of  a  Paper  read  before  the  International  Congress  of 
Electricians  at  Chicago,  1893.  This  paper  contains  some  excellent 
remarks  on  heterochromatic  photometry ;  also  curves  are  given 
representing  Purkinje's  phenomenon  and  the  distribution  of  visual  and 
luminous  intensity  in  the  spectrum. 

1894.  A.  Blondel — Photometric  Definitions  and  Units.  Electrician,  \o\.  xxxiii., 

p.  633. 

1894.  Sir  W.  de  W.  Abxey— Cantor  Lectures  on  Photometry.  Jonrn.  Soc.  of 
Arts.    Also  Electrician,  vol.  xxxii.,  p.  656. 

1894.  Lummer  and  Kurlbaum— On  the  Construction  of  a  Bolometer.  Elec- 
trician, vol.  xxxiv.,  pp.  168  and  192. 

1894.  A.  Crova — On  the  Degree  of  Incandescence  of  Glow  Lamps.    Elec- 

trician, vol.  xxxiii.,  p.  754. 

1895.  Preece  and  Trotter— a  Portable  Photometer.  Electrician,  vol.  xxxv., 

p.  671.     Gives  diagrams  of  an  Illumination  Photometer. 
i6g8.  German  Electrotechnical  Association— Rules  for  the  Photometry 
of  /ncandescent  Lamps.     Electrician,  \o\.  "xYx.,  \>,  t^. 
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|190C,  J.  VioLLK— Photometr>-.    Ekdridati,  vol.  xlv.,  p,  858, 

Abstract  of  a  Report  presented  lo  I  he  fnternatioiial   Cutigresa  of 
Electricians  at  Paris* 

C.  C,   Kkott— On  Swan*s  Prism  Photometer.     PhiL  Mttg.^f  January^ 
n;oo,  vol.  xiix  ;  see  aJf^o  PhiL  Mag.,  June,  1900,  \ot  xlix. 
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H,  GiRALTD — L'unile  dc  liimitre.     Jnur*  it  Usin^s  ii  Gai^y  Mai,  Paris- 
V,   HEFXitR'ALTEKEtii — Utfber  elektrische  Lichtrnt'ssungen  utid  Lich- 

teinhciten.    Elckirot.  Ziihihnf  4  ;  Jonni.  f  GttAhcL,  1883^  830  ;  C.  B. 

/  Ekktr.,  5,  65. 
\.  ViOLLE  -Inttnsites  Itimiijeiiset*  des  radiations  crni&es  par  le  Plalinc 

Incandescent.    Compks  Rcmttts,  qi,  866. 
H.  Kruss — OptjHches  Flamnienmass.   J&urn.f.  iimhcL,  188 j,  717  ;  t.  Z. 

f.  OpL  n.  Mi-ih.,  4,  377  ;  C.  B.f.  Elcktrot.  5,  57. 
A,G.  Verxos*  Hakcourt— On  a  Lamp  GiviniJ  Constant  Light.  Riport  of 

ihe  BriL  Aimc.,  1883. 
\\   Hefner-Alteneck — Vorschlag  zur   Gevvinuung    elner  constanten 

Lichteinht'lt.     Eh' k trot.  Zatschr.^  5^  Jo  ;  ^otini,  t\  GtishL,  i8i<4. 
Sir   \\\   H.  Pkeece— On   Photometry  and  a  New  Unit.    Ztitstht.  L 

Eltktfvt.,  2,  ^iS  ;  Pmc.  Rt*y.  Soc.  Lotutofi,  36,  270. 
J.  ViOLLE — Surletalon  absolue  de  la  lumicre.     AntLii.Lhim.  d  Pliya. 
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Sir  W.  de  W.  Abney  -On  Fixing  a  Standard  of  Light.    Hep.  of  Brit. 

Assoc,  for  the  A  dr.  of  Sf.^  ^22. 
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P^  404- 
Report    of    Netherlands    Photometer   Commission.      Jonntal  of  Gti$ 
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the  Hefner  and  Pentane   Standards.    Phys.  Soc,   Abstracts,  vol.  i., 
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i8<;5.  Report  to  the  Board  of  Trade  by  a  Committee  on  Photometric  Standards, 
I^ndon,  1895. 

1896.  C.  H.  Sharp— A  Method  for  the  Use  of  the  Standard  Candle  as  a  Photo- 
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vol.  iii.,  p.  458. 
i8(/).    XicHoi^s,  Sharp  and  Matthews.    Standards  of  Light.     Trans,  of 
A  titer.  lust.  ofElec.  Etig.y  vol.  xiii.,  1896. 
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entes.    Ann.  de  Chiin.  ct  Pliys.  (6),  6,  528. 
1885.  H.  KrI-ss. — Ueber  die  Anwendung  farbiger  Mittel  in  der  elektrotech- 
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ilKlS!.J 


ELECTRIC  LAMPS  :   DISCUSSION. 


171 
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1881.  M  DE  LtPiNAV  AND  W.  NiCATi— Rechercbea  si»r  la  comparatson  photo- 
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1888.  AasEY  AND   FESTiNt; — Colour  Photometry.    Truits.  Row  Soc.  Lomi., 

1888,  p.  347, 

1889.  K.  L,  XicHoLs  AKD  \\\  S.  Franklik — A  Spectro-pbotometric  com* 

parisonof  Sources  of  Artilicial  lUuminatioa.    Am^r.  Join  11.  ofSckiicc, 
voi  xatxviii.,  Aug.  i88g> 


Mr.  A.  VerX'OX  Harcoijht  :  It  is  very  difficult  to  be  called  upon  to  Mr.Vtfiwm 
make  remarks  upon  this  papefj  because  of  the  great  amount  of  matter  **'^'^»* 
that  bas  been  brought  befo*re  us,  and  the  great  variety  of  materials. 
Perhaps  I  may  take  what  is  the  main  subject  of  the  paper,  namely,  tbe 
photometry  of  the  eicctrie  arc.  Many  years  ago  I  took  part  in 
the  photometry  of  arc  lights  in  connection  with  an  investigation  made 
by  t!ie  Elder  Brethren  of  the  Trinity  House  into  tbe  value  of  various 
sources  of  light  placed  behind  lighthouse  lenses.  Thtre  were  set  up  at 
the  South  Foreland  some  temporary  lighthouses^  in  one  of  which  tbe 
source  of  iigtil  was  au  oil-lamp,  in  another  a  gas-lampn  and  in  another 
an  electric  arc  :  and  these  were  piled  one  upon  another,  so  that  there 
were  three  or  four  tiers,  in  order  to  produce  the  most  powerful  light  pos- 
sible. Th  e  o  b j  ect  was  to  t  e  st  t  h  e  val  ue  of  t  b  CSC  d  i  ff  c  r e  nt  1  igl  I  ts  i  n  d  i  ff e  r en t 
kinds  of  weather.  Thus  tbe  inquiry  extended  beyond  the  matters 
which  have  been  dealt  with  to-night,  but  it  involved  the  photometry  of 
the  various  lights^  by  themselves  or  as  seen  through  lenses^  on  clear 
nights  as  well  as  on  hazy  nights.  There  was  not  found  to  be  B.u^ 
insupcrabk*  or  cvvn  greRt  diiUcuHy  in  arriving  at  a  compari^QU  bi;t^ctiv\ 
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Har^^'^T"  ^^^  ^^^  lights  and  the  large  flame  lights.  The  measurements  were 
chiefly  made  at  a  considerable  distance.  The  Trinity  House  provided 
some  huts  for  making  measurements  at  distances  of  one,  two,  and  three 
miles  from  the  lighthouses,  and  the  beam  of  light  sent  from  the  several 
holophotes  could  be  thrown  upon  them. 

The  point,  however,  to  which  I  wish  to  refer  is  that  it  was  found 
possible  to  arrive  at  a  fairly  accurate  estimate  of  the  value  of  the  arc 
light  by  itself,  and  as  shown  through  lenses,  by  means  of  a  Bunsen 
photometer,  in  which  in  place  of  a  plain  opaque  disk  with  translucent 
margin  a  translucent  disk  with  serrated  rim  and  opaque  margin  was 
used.  This  small  difference  greatly  facilitated  the  estimation  of  the 
illuminaticms  produced  by  the  distant  arc  light  on  one  side  and  the  one- 
candle  pentane  flame  a  few  feet  off  on  the  other.  The  appearance  of 
the  two  illuminations  was,  of  course,  exceedingly  different,  but  I  found 
it  was  possible  to  make  the  comparison  by  fixing  attention  upon  the 
degree  of  distinctness  of  the  central  figure,  the  star,  against  the  back- 
ground, and  that  it  was  not  difficult  to  do  this  without  being  distracted 
by  the  difference  of  colour.  On  one  side  was  seen  a  blue  star  upon  a 
pink  ground,  on  the  other  side  a  pink  star  upon  a  blue  ground.  I  had 
a  good  opportunity  of  trying  the  general  practicability  of  this  compari- 
son by  asking  a  number  of  the  mechanics  and  other  servants  of  the 
Trinity  House — men  not  practised  in  photometry,  but  intelligent  men 
with  good  eyesight — to  place  the  photometric  disk  in  succession.  The 
direction  given  them  was  to  bring  the  disk  to  such  a  position  that  the 
stars  on  the  two  sides  as  seen  against  the  background,  should  have  an 
equal,  minimum,  distinctness.  If  the  disk  were  moved  thence  a  little  to 
the  right  or  to  the  left  the  star  of  one  or  the  other  colour  stood  out  more 
clearly,  and  it  was  not  difficult  by  sliding  the  disk-holder  to  and  fro  to 
arrive  at  a  position  in  which  the  distinctness  of  the  pattern  was  equal. 
The  photometer  was  so  arranged  that  the  observer  for  the  time  being 
could  not  himself  see  what  the  reading  was,  but  another  man  read  the 
scale  on  the  opposite  side  of  the  photometer,  when  directed  to  do  so, 
and  wrote  the  figures  down  without  saying  a  word.  In  this  way  of 
working  there  was  no  possibility  of  self-delusion  and  of  an  artificial 
consistency,  such  as  happens  especially  with  a  photometer  where  the 
disk  is  moved  by  a  winch.  It  was  found  that  the  results  of  observations 
so  made  showed  a  very  fair  amount  of  agreement ;  I  do  not  remember 
what  the  percentage  error  was,  but  it  was  not  large. 

The  mention  of  moving  the  disk  backwards  and  forwards  reminds 
me  of  what  I  was  shown  some  years  ago  by  Sir  William  Abney,  who 
pointed  out  that  a  good  judgment  may  be  made  between  lights  of 
(Ufferent  colours  by  using  a  comparatively  large  oscillation.  Certainly 
wc  have,  apart  from  our  perception  of  different  colours,  an  impression 
of  brightness ;  we  can  be  quite  sure  that  a  very  bright  green  light  is 
brighter  than  a  dull  red  light,  or  7'icc  versa.  Beginning  with  rather 
large  oscillations  of  the  disk-holder  and  gradually  diminishing  their 
amplitude  we  can  arrive  at  a  middle  point  representing  equal 
illuminations.  The  colour  difficulty  may  also  be  overcome  by  using 
very  low  iJJuminations,  such  as  that  of  one  candle  at  a  distance  of  eight 
or  ten  feet    In  the  dusk  the  leaves  awd  p^l^Vi  oi  a.  'ic^tlet  geranium 
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Can  scarcely  li€  distinguished  by  colour,  though  their  forms  are  still   JJ^.V^ei 
quite  Visible.     Sf>  it  wa^  with  the  ilkinii nation  of  adjoining  strips  of  the 
photopcd  by  a  one-candJe  flame  ten  feet  away»  and  the  l>eam  frotn  , 

the  lighthouse  arc  at  a  distance  of  two  miles.  I 

I  should  like  to  say,  in  conchision,  that  this  paper  appears  to  me 
to  be  one  of  very  great  interest.  I  have  listened  to  many  papers  on 
dffferent  points  in  pliotometry^  but  never  to  so  complete  an  account 
of  the  stibject  as  we  have  had  the  pleasure  of  hearing  this  evening,  | 

Dr,  R,  T.  Glazebrook  :  I  should  like  to  re-echo  what  has  just  fallen 
from  Mr.  Vernon  Harcourf  as  to  the  extreme  interest  and  value  of  the 
paper  to  which  we  have  hstened.     I  feel  that  Professor  Fleming  should 
be  thanked  vef}^  cordially  for  having  brought  this  matter  before  us  in 
clear  and  interesting  a  manner,  and  I  think  the  Institution  is  to  be 
ngratulated  in  having  such  a  paper  laid  before  it.     I  have  a  particular 
eason  for  being  grateful  to  the  autiior  for  the  paper,  because  he  lias 
called  attention  to  the  important  work  on  I  he  subject  that  still  remains 
to  be  done,  and  has  made  suggestions  of  great  interest  and  value  on 
arious  points  as  to  how  that  work  may  be  taken  up  by  the  Ijistitution 
hicli  I  direct,     I  say  1   have  reason  to  be  thankful  lieeause,  although 
it  is  the  fact  that  so  many  suggestions  in  regard  to  work  which  may  be 
undertaken  by  the  National  FhysicaJ  Laboratory  have  been  made  that 
I  fear  it  will  be  long  before  we  can  carry  them  all  out,  yet  I  am  glad 
to  have  suggestions  made»  in  order  that  I  ma}^  go  to  tlie  powers  that  be 
with  a  still  stronger  case  to  prove  to  them  the  utihty  and  necessity  of 
that  Institution.     However,  with  regard  to  photometry  we  are  perhaps 
in  a  better  position  than  we  are  with  regard  to  some  other  questions, 
because,  although  we  have  done  nothing  as  yet,  w*e  are,  thanks  to  the 
generosity  of  Sir  William  Freecc,  Mr.  Trotter^  and  some  others,  before 
long  to  be  equipped  with  a  very  complete  set  of  photometric  instru- 
ments and  appliances,  and  then  I  hope  we  shall  go  into  the  question 
thoronghly  and  completely,  and  standardise  lamps  for  the  users  as  is 
done  in  Beriin. 

riiere  is  very  little  to  criticise  in  the  paper.  With  mosf  of  it  I  agree 
ery  cordially  indeed.  It  struck  me  on  looking  it  through  that  possibly 
he  position  that  Professor  Fleming  gives  to  the  Vernon  Harcourt 
i-caodle  pentane  standard  in  comparison  with  the  Hefner  or  amyl 
acetate  lamp  was  not  one  that  would  be  assigned  to  it  by  all  writers  on 
photometr>\  If  one  takes  the  figures  which  Professor  Fleming  gives 
in  the  paper,  it  appears,  for  example,  that  the  effect  of  change  of 
barometric  pressure  on  the  Vernon  Harcourt  i -caudle  flame  standard 
is  four  or  five  times  as  great  as  the  effect  of  similar  changes  upon  the 
amyl  acetate  lamp.  That  in  itself  seems  to  me  to  be  a  difticulty  if  one 
wished  to  criticise  or  discuss  exact  details.  I  should  sav  further  with 
regard  to  the  lo-candle  pentane  lamp  that  I  am  not  quite  sure  from  the 
paper  if  the  question  of  the  effect  of  change  of  atmospheric  pressure, 
moisture,  the  presence  of  carbonic  acid^  and  so  on^  has  as  yet  been 
examined  in  the  same  detailed  way  as  it  has  for  the  amyl  acetate  and 
for  the  i*candle  pentane  lamp.  I  think  I  am  right  in  saying  that  that 
examination  has  not  ticen  made  so  completelr,  and  that  it  h  otve  o^  l\v& 
pieces  of  work  we  may  well  t:ike  up  in  time. 


174  FLEMING:  THE   PHOTOMETRY   OF  [Dec.  11th, 

Dr.  I   was  more  especially  interested  in  what  Dr.   Fleming  told   us 

i.iazcbr«)ok.  J^|^Q^^  jj^g  possibility  of  arriving  at  an  incandescent  standard  of  light, 
and  in  particular  to  the  reference  he  made  to  the  recent  and  very 
valuable  and  important  work  of  Mr.  Petavel.  I  have  read  that  work 
with  very  great  care,  and  I  value  it  very  highly ;  indeed,  I  hope  in  a 
few  moments  to  bring  before  the  Institution  some  of  the  more  recent 
developments  of  Petavel's  work,  which  I  think  have  added  greatly  to 
its  value.  At  the  same  time  I  am  inclined  to  think  that  Mr.  Petavel 
is  a  little  too  sanguine  in  the  expression  of  his  opinion  as  to  the  possi- 
bility of  realising  the  Violle  standard.  He  succeeded  in  doing  that, 
though  with  great  difficulty,  by  means  of  the  precautions  that  are 
described  in  his  paper.  I  should  have  been  more  hopeful  had  he 
succeeded  in  melting  his  platinum  by  means  of  an  electric  current 
Hut  he  found  difficulties  in  using  the  electric  current  to  melt  the 
platinum,  and  had,  in  consequence,  to  have  recourse  to  a  very  careful 
mixture  of  oxygen  and  hydrogen,  using  the  oxy-hydrogen  blowpipe. 
There  are,  however,  one  or  two  methods  in  which  we  may  hope  to  use  the 
surface  of  incandescent  platinum,  made  to  incandesce  by  means  of  an 
electric  current,  as  a  satisfactory  standard.  If  we  are  to  use  any 
incandescent  surface  there  are  two  conditions  that  we  must  satisfy.  In 
the  first  case  we  must  have  a  surface  which  always,  for  a  given  tempera- 
ture, emits  radiations  exactly  the  same,  both  in  quality  and  quantity, 
and,  secondly,  we  must  make  sure  that  the  temperature  of  the  surface 
which  is  radiating  light  to  us  remains  the  same  throughout  our  observa- 
tions. Those  are  the  two  conditions  that  I  think  Prof.  Fleming  lays 
down,  and  which  have  to  be  satisfied.  I  take  it  that  the  first  condition 
can  be  satisfied  satisfactorily  if  we  use  platinum  or  one  of  the  metals 
of  the  platinum  group.  Mr.  Petavel  has  recently  been  making 
experiments  with  iridium,  platinum,  and  some  other  metals  of  that 
group  with,  I  think,  more  satisfactory  results  than  with  pure  platinum. 
I  notice,  however,  in  the  last  number  of  the  Thcitigkeii  of  the  Reich- 
sanstalt,  an  interesting  account  is  given  of  the  method  which  a 
carbon  surface  is  raised  by  electricity  to  a  high  temperature  to  serve  as 
a  standard  source  of  radiation  (it  is  described  in  Engineering  of 
October  31st  last). 

With  regard  to  the  second  condition,  there  are  various  ways  we  may 
use  to  determine  whether  the  temperature  of  the  surface  which  we  are 
employing  as  our  radiator  is  definite  in  amount  when  we. are  em- 
ploying it.  One  of  these  is  the  method  which  has  been  referred  to  in 
the  paper  by  Dr.  Fleming,  the  method  of  Lummer  and  Kurlbaum. 
It  is  well  known  that  the  proportion  of  light  absorbed  by  any  given 
material  of  a  given  thickness  (say  a  cell  of  water  two  centimetres  in 
thickness)  varies  with  the  temperature  of  the  radiating  source.  There- 
fore if  you  can  raise  the  temperature  of  your  radiating  source  until  a 
certain  definite  proportion  of  its  radiation  is  absorbed,  you  know  that 
the  temperature  of  that  source  is  definite.  Of  course,  in  realising  that, 
which  is  what  Lummer  and  Kurlbaum  have  done,  you  have  the 
difficulty  of  measuring  a  10  per  cent,  absorption,  of  making  sure  that 
the  two  sources  of  radiation  which  you  are  comparing  in  your 
apparatus  differ  by  10  per  cent.     TVveve  2ly^,  \tfy^^N^i:,  other  ways 
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^VDf    realii^ng    the    same    result.      The    intensity  of    radiation    differs   t^n     J^t 

m  different  parts  of  Ihe  spectrtnn,  and  the  curves  of   racJiation  for 

the    red  and    the   violet   parts   of    the    spectrum  are   different*      So            ^^ 

that  if  you  st^  par  ate  the  radiated  light  from  your  source  itito  two            ^| 

partii,   by  passing  it  through  a    spectroscope   or    otherwise,  and  if            ^| 

you  isolate  the  radiations  from  the  red  and  from  the  violet  ends  of            ^| 

the  spectrum   thu^  formed,    and   examine    how  they   vary  with   the             ^H 

1     temperature,  you   will   find   that   while   for  low  tempcratiireis   of  tiie            ^| 

1     radiating  body  the  radiation  from  the  red  end  of  the  spectrum  is  the            ^| 

1     greater,  yet  as  the  temperature  of  the  source  increases  the  radiations            ^| 

1     from  the  violet  end  of  the  spectrum  become  the  greater,  and  for  one            ^| 

^^efinite  temperature  of  the  source  the  radiations  from  the  violet  end             ^| 

^■lave  the  same  intensity  as  tliose  from  the  red  end  of  the  spectrum,            ^| 

^^The  two  curves  which  give  you  the  relation  between  radiation  and            ^| 

temperature  cross  at  one  point,  and  that  point  gives  you  a  definite            ^H 
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'^ortditiofis^ 

ei/Tfuns  in  turn 
)CJ-OQl,  irror 

m 

6  cms.                          ^^^^H 

^^^^^^ 

ffNor/TJtAif    C 

^^^^^^k 

^^^^^^m 

SuperfkM  Aft 

ThC^  I.   /TbiJiA   of  i 

^^^1              ^^  ^"1 

n.i           ^           ^ 

^^H            dj 

Di^mederwAfk 

^^^^H                        ' 

^^^H 

^^H 

^^H 

^^H      ^    it     V 

^^^^^^^1 

^^H 

^^^^^^1 

^^B        '^       ==    4-^ 

^^^^^^1 

^^H      -^/o  - 

^^^^^^1 

^^^^^^ 

K 

^^H 

^^^^^^^^^_ 

\^ 

^^M 

^^^^^^^^^L 

^ 

^H 

^^^^^^^^^H 

S 

^^^^^^^^^B        .  _ 

**»--. 

^^_^^^l 

d^^^^^H 

^^^^^^1 

^^^^^^1 

^^^^^^^^^^ 

^^^^^^^H 

^^^^^^^^^^L 

^^^^^^H 

^^^^^^^^^^M 

^^^^^^1 

^^^^^^B                                    77/776  //?  Seconds.                                                  ^^^^1 

^^^^^                                                              ^^H 

^Remperature  for  your  radiating  source.     That  is  a  method  which  has             ^H 

^Pbeen  used  by  various  investigatorSj  and  is  used  now  at  the  Reichsanstalt,             ^H 

The  objection  to  that  method  is  that  the  two  curves  of  radiation  are             ^H 

very  steep  to  the  vertical  axis,  so  that  the  point  at  which  they  cross             ^^k 

cannot  be  determined  with  very  great  accuracy.     But  there  is  another              ^H 

method  which  can  be  used,  the  method  which  has  been  used  lately             ^| 

bv  Mr*  Petavel,  and  by  means  of  Mr.  Petavel's  slides,  w^hich   I  will              ^H 

throw  on  the  screen  ;  I  can  explain  the  matter  to  you  in  a  few*  moments.             ^H 

Fig,   A   illustrates  the   normal   results  of    an   experiment   on   the              ^H 

intensity   of   the   radiation  from  incandescent   platinum.     The  curve              ^H 

gives  the  intensity  of  the  illumination  at  inter\\T.ls  of  ten  seconds  from              ^| 

^      a   mass  of  incandescent  platinum   near  its  melting-point.      I   need              ^| 

L      not  go  into  the  details  of  how  the  curve  is  obtained^  but  you  will  see             ^| 

1     that  starting  ten  seconds  or  so  after  the  experiment  begun  there  wa^  a             ^H 

F     considerabJe  luminosity,  nearly  2^,  in  certain  units.    That  Vumvao^V^           ^H 
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dropped  very  rapidly,  and  after  75  seconds  had  elapsed  it  suddenly 
rose  again  through  a  number  of  units  from  0*5  to  i.  At  that  moment 
the  incandescent  platinum  began  to  solidify  and  then  for  some  little 
time  afterwards,  from  75  seconds  to  perhaps  120  seconds,  the  intensity 
of  the  illumination  remains  practically  constant  and  at  what  he  calls  the 
one  unit.  But  in  order  to  get  that  you  have  to  repeat  very  carefully 
and  exactly  the  conditions  under  which  Mr.  Petavel  worked ;  this  curve 
shows  the  result  of  one  of  his  most  successful  and  satisfactory 
experiments. 

Fig.  B  gives  the  results  of  experiments  on  the  comparison  by  means 
of  two  thermopiles  of  the  light  from  the  red  and  blue  ends  of  the 


TempensLCure. 
Fig.  B. 


spectrum.  The  light  from  the  red  end  falls  on  one  thermopile,  and 
the  light  from  the  blue  end  falls  on  the  other.  The  two  thermopiles 
are  connected  in  opposite  directions  through  a  galvanometer,  so  that 
its  deflection  measures  the  difference  in  the  intensity  of  the  two 
radiations.  Tlic  red  light  alone  causes  a  deflection  below  the  zero  line, 
and  the  blue  one  above.  The  resultant  thermopile  deflection  is  shown 
in  the  top  curve.  At  first,  in  consequence  of  the  fact  that  the  red  light 
is  the  stronger,  there  is  a  deflection  downwards.  The  deflection 
increases  and  then  gradually  decreases,  and  when  you  come  to  the 
temperature  of  just  under  1,100°  C.  the  galvanometer  deflection  is 
zero  and  the  radiation  for  the  two  ends  is  the  same.  That  marks 
a  definite  temperature  of  the  radiating  source,  and  the  total  radiation 
emitted  when  this  temperature  is  reached  might  be  taken  as  your 
standard  of  light. 
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The  liorizonlal  distances  i{F\g.  C^  give  Ihc  isciUe  of  temperature,  ^*(-^|_ 
i^ooo'C,  ijJOCfC,  and  so  on,  and  the  vertical  ordinates  give  the  per* 
ct'iitage  of  radialion  that  is  transmitted  by  various  thicknesses^  of  waier, 
benzene  quartz,  glass*  and  other  substances.  You  will  uoticc  in  all 
cases  that  as  the  temperature  rbeii  from  i.qqcPC  to  1,700'^ C  in  those 
\^ous  curves*  the  percentage  of  light  transmitted  increases* 

Fig,  D  gives  exactly  t!ie  siime  curves  for  some  other  materials.  The 
percentage  of  light  tnuismitted  as  the  temperature  rise^  h  shown  as 
tticrcasing  in  the  case  of  all  substances  except  one  light,  black  Huor- 
spar,  the  curve  for  which 


m(t  ij^  i^  csoif  i4pcr  ij>p(f  jdOifJim* 
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m 
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comes  downwards  across 
the  diagram  in  the  oppo- 
site direction  to  that  of 
the  otliers.  So  tliat  if 
fou  cause  the  light  from 

a   radiating  body  to  be 

divided  into  halves  and 

transmit  one  half  through 

water  and  the  other  h^ilf 

through  black   fluorspar, 

aiid    if   you   allow   each 

half  to  fall  on  a  separate 

thermopile,  then  as  the 

temperature  rises  the 
ermopiie  connected 
1th   the  water  will  rise 

in  temperature^  tliat  con- 
nected   with    the    black 

Huorspar  will  fall  in  tem- 
erature  ;  and  there  will 
e  a  definite  temperature 

pi    the    radiating    body, 

dependent  on  the  thick- 
ness of  the  water  and  of 

the  black  fluorspar— 1,360°  C.  in  that  diagram— at  which  the  radiation 
from  the  black  fluorspar  is  equal  to  the  radiation  from  the  water.  If 
we  can  determine  that^  then  it  will  enable  us  to  keep  our  radiating 
bod}"  at  a  definite  temperature,  and  then  tf  we  measure  the  hmit 
emitted  at  that  temperature  we  can  treat  the  source  as  a  standard  of 
radiation, 

In  Fig*  E  the  arrajigement  of  apparatus  is  showni  diagrauiatically. 
To  the  left  is  the  radiating  body  R,  The  source  of  light  is  split  into 
three  portions.  The  central  portion  passes  ou  to  A,  and  can  be 
compared  against  a  standard  candle,  the  pentanc  lamp^  or  whatever  is 
suggested,  In  the  upper  part  of  the  diagram  the  stream  of  light  is 
allowed  to  fall  through  a  screen  of  %vater  on  to  a  thermopile  P  i.  The 
lower  half  of  the  diagram  show^s  the  light  falling  through  a  screen  of 
black  fliiorspar  on  to  the  thermopile  P  2.  Those  two  thermopiles  are 
connected  oppositely  througJi  tho  galvanometer  G.,  and  you  kvio^  totV. 
so  long  as  the  needle  of  the  galvaiJornQter  is  at  zero  the  temperaUu^  ol 


tp6(^  ijo^  iZOff"  t^yxf  K^ocf^  ijkxf  i^Scxfi^TOO^ 
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your  radiating  source  is  definite  in  value.  That  is  a  temperature  which 
with  the  same  piece  of  apparatus  can  always  be  reproduced,  and  such 
a  radiating  body  radiating  at  that  definite  temperature  can  be  taken  as 
the  primary  source  of  radiation.  Such  an  arrangement  seems  to  me, 
as  far  as  I  have  studied  the  subject,  to  hold  out  very  considerable  hopes 
for  success,  and  to  open  the  possibility  of  obtaining  a  primary 
standard  of  radiation  which  shall  be  superior  to  the  original  Violle 
standard,  and,    I    hope,    in    many  ways   to    the    Lummer-Kurlbaum 

standard  used  in  Germany.   I  think 


111.  du 


m  degrees  CenCigrddG. 


Mr.  Petavel  deserves  great  credit 
for  his  work. 

There  are  many  points  in  the 
paper  to  which  I  should  like  to 
refer,  but  I  think  I  have  said  all 
I  specially  wish  to  say  by  calling 
your  attention  to  this  recent  work 
of  Mr.  Petavel' s,  which  was  laid 
before  the  British  Association  at 
Belfast,  and  which  has  not,  I  think, 
been  noticed  very  fully  in  the 
scientific  Press. 

Sir  William  dp:  W.  Abxf:y  :  I 
will  only  deal  with  that  part  of  the 
paper  with  which  I  am  most  accus- 
tomed, namely,  wTiat  we  may  call 
colour  photometry.  The  various 
methods  which  have  been  shown  to 
us,  such  as  the  flicker  photometer 
and  another  photometer  whose 
name  I  forget,  do  not,  I  think, 
measure  the  illumination.  They  go 
a  degree  towards  it,  but  they  do. 
not  measure  the  brightness  of  the 
light.  The  only  way  in  which  you 
can  measure  the  brightness  of  the 
light  is  to  place  the  colours  side  by  side  and  judge  when  they  are  of 
equal  brightness.  That  is  the  method  which  I  have  been  accustomed  to 
use  for  a  great  many  years  now,  but  apparently  it  is  not  as  well  known  as 
it  might  be.  It  is  an  excessively  simple  method.  A  red  and  green  light 
can  be  matched  together  just  as  readily  as  two  white  Hghts  of  the  same 
colour  can  be,  provided  you  use  the  oscillation  method.  The  error  of 
observation  becomes  very  small  with  practice.  It  may  be  asked  what  the 
proof  is  that  what  you  arc  measuring  is  the  brightness  (or  luminosity)  and 
not  something  else.  I  will  prove  it  in  this  way.  Supposing  I  wish  to 
compare  the  brightness  of  two  spectrum  colours,  one,  say,  in  the 
red  near  the  place  of  the  red  lithium  line,  and  the  other  a  green 
near  the  magnesium  line.  Slits  placed  in  the  spectrum  at  those  par- 
ticular parts  will  pass  rays  which,  combined  together,  will  form  white. 
By  opening  or  narrowing  the  slits  a  patch  of  white  light  can  be  thrown 
on  a  screen  by  my  colour  patch  apparAlus\\\vvc^\c».^\\\Qt  be  dist^^^ 
from  the  white  of  the  comparison  UgVit. 


¥x^i)d^mi^om^$g^0m^ 
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I  may  say  lliat  i  use  the  crater  of  tbc  fHisiiive  pole  erf  Ihc  arc  liglit   s*t  ^ 

"far  the  Itghi  to  torm  the  spectrum,  and  I  m>c  the  whitcfic!is»  of  itim  light   ^^^'^^^ 

for  tbc  purpose  of  coinpari^iin.     Th<5  mixed  ra>^  ioninn|*  white  on  the 

Ecrten,  a  patch  of  white  light  from  the  comparison  light  is  thrown  over 

|it,  and  a  rods  as  l:>y  the  ordinaiy  Rmnford  method,  casts  two  sh.idows 

df  by  side.     By  means  of  sectors  the  j^hadow^  are  equalised,  and  the 

liogk  of  the  sectorii.  read  off.    The  green  light  is  covered  up,  and  we 

1  have  a  red  alongside  the  white.    Again,  by  meaos of  sector^  which  have 

movahie  apertures  whilsl  rotating,  the  white  is  made  brighter  or  darker 

Altemalely  titan  the  red.     There  i*^  some  point  between  those  two  in 

wbicli  the  white  is  neither  i«xj  hght  or  too  dark  in  comparison  with 

thr:  red,  and  by  gradually  diminishing  the  oscillations  yon  come  to  a. 

■'  m  wliich   there  is   no  flicker  whatever,  no  wijiking.     The  two 

Iliws  seem  to  wink  at  you  after  you  pasa  the  neutral  point,  but  there 


"^^^V 


Viih  E.  {^ic  /,  lyji 


^ 
^ 


IS  n  point  where  the  winking  ceases  ;d together,  and  this  is  I  he  point 
wtiere  the  sector  sliows  equal  brightness*  You  reiirl  tlie  sector  off,  and 
YOU  say  you  have  got  t^o  much — 30*^,  say,  of  the  white.  The  red  is  shut 
off  and  the  green  is  placed  against  the  white^  a  measure  is  again  made, 
and  we  get  a  certain  angle,  say  auother  30^,  If  the  tw^o  happen  to  be 
30"^  each*  you  will  iind  that  the  white  light  is  60''.  You  may  go  right 
tlirough  the  spectrum  in  the  same  %vay,  and  you  will  find  that  is  the 
case—the  sum  of  the  measures  of  all  the  dififerent  components  is  equal 
to  the  measure  of  the  hghts  combined.  That  is  a  very  important  point. 
It  it  docs  not  mean  the  measurement  of  brightness^  what  does  it  mean  ? 
There  is  one  other  point  on  which  I  should  like  to  remark^  and 
that  is  the  question  of  white  tight.  Everybody  looks  askance  at 
you  when  that  question  is  put.  There  is^  however,  a  physiological 
white  light  which  has  a  very  definite  whiteness.  I  do  not  know 
whether  the  audience  is  aware  that  they  are  all  colour  blind  at  parts 
of  their  retina,  but  it  is  a  fact.  Everybody  is  more  or  less  colour  blind. 
I  do  not  s^y  tlmt  th^y  ^rc  colour  blind  through  the  whole  ol  \\\c  TcVm'A, 
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^m.  dc  but  there  arc  portions  of  the  eye  which  are  absolutely  colour  blind ; 
they  can  see  no  colour  whatever.  If  I  had  a  spectrum  apparatus  I 
could  show  it  in  a  minute.  If  you  take  a  spot  of  green  light  and  look 
at  it  with  the  centre  of  the  eye,  you  will  see  that  it  is  green,  but  as  you 
move  your  head,  and  your  eye  with  your  head,  you  come  to  a  point  at 
which  you  see  no  colour  whatever  on  the  part  of  the  retina  on  which  you 
receive  the  image  ;  the  green  has  gone,  and  you  see  a  pure  white  light. 
Whatever  colour  you  take,  that  colour  will  always  give  the  same  quality 
of  white  light  throughout.  This  is  what  I  call  the  physiological  white 
light.  The  white  light  of  the  crater  of  the  positive  pole  is  very  nearly 
uniform  with  that,  as  we  can  tell  by  comparing  the  two.  My  standard 
of  white  light  is  what  I  call  the  physiological  white  light. 

To  go  back  to  the  subject  of  photometry,  Prof.  Fleming  mentioned 
Purkinje's  phenomena.  That  is  a  phenomenon  which  was  measured 
qualitatively  by  him,  but  I  think  if  he  will  refer  to  a  paper  which  I  had 
the  honour  of  reading  before  the  Royal  Society  a  good  many  years  ago, 
he  will  find  not  only  the  Purkinje's  phenomena  set  forth,  but  the  abso- 
lute details  as  to  where  every  ray  commences  to  bend  and  where  it 
takes  its  normal  course  and  becomes  a  straight  line  with  different 
intensities.  There  is  a  point  where  every  ray  becomes  a  straight  line  ; 
the  starting-point  or  zero  of  the  red  is  different  from  that  of  the  blue, 
and  the  blue  from  that  of  the  green.  The  stimulus  required  to  give  a 
sensation  of  colour  is  greater  in  some  than  in  others.  The  zero 
points  are  not  the  same.  But  this  difference  in  zero  points  only  need 
be  taken  into  account  when  the  lights  to  be  measured  are,  com- 
paratively speaking,  feeble.  You  have  not  to  pay  great  attention  to 
that  phenomenon  when  you  are  measuring  lights  of  the  ordinary 
brightness;  it  is  only  when  you  come  to  low  luminosities  that  you 
need  take  it  into  account  at  all.  The  fact  that  you  have  moonlight 
in  which  there  is  practically  no  red  is  one  effect  of  the  difference  in 
zero  points,  and  moonlight  is  only  dim  sunlight. 

There  are  one  or  two  other  points  that  I  should  like  to  mention. 
This  method  of  distinguishing  lines  is  not  a  method  of  measuring  the 
brightness  at  all ;  what  is  measured  is  the  acuteness  of  vision  in  some 
particular  colour.  Acuteness  of  vision  is  a  very  different  thing  to 
brightness.  The  acuteness  of  vision  in  the  yellow  is  very  much 
greater  than  the  acuteness  of  vision  in  the  blue.  Of  course  there 
are  reasons  for  it.  The  accommodation  of  the  eye  is  different  for 
the  blue  from  what  it  is  for  the  yellow  or  for  the  red.  One  of  the 
supposed  measurements  of  luminosity  of  the  different  rays  of  the 
spectrum  was  published  by  Professor  Langley  of  the  United  States. 
He  obtained  his  measures  by  reading  logarithmic  tables  in  the 
spectral  colours.  When  he  could  no  longer  see  what  the  figures  were 
on  a  particular  page  of  logarithms  by  dimming  the  light,  he  noted 
the  point.  He  went  through  the  whole  of  the  spectrum  in  this  way, 
and  from  it  plotted  a  luminosity  curve  of  the  spectrum.  What  he  had 
plotted  was  really  an  "  acuteness  of  vision "  curve.  The  acuteness  of 
vision  curve  which  was  derived  from  the  log  readings  would  also  be 
derived  from  noting  the  disappearance  of  the  ruled  Unes  of  different 
tineness  which  the  author  employs.    \  a\s\  ^v^d^^iMOMving  to  indicate 
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some  of  the  difficulties  we  have  in  colour  photometry  generally. . 
[  am  not  talking  about  the  ordinary  intensity  photometry,  but  only 
where  you  have  delicate  photometry  to  do.  I  do  not  suppose 
anybody  has  realised  the  fact  that  if  you  have  a  white  paper 
spot  an  inch  in  diameter,  and  another  a  J  inch  in  diameterj  and 
place  them  on  a  black  background,  say,  three  or  four  inches  apart, 
the  big  inch  spot  is  considerably  brighter  than  the  ^-inch  spot. 
Although  you  have  cut  them  out  of  the  same  paper  they  will  be  of 
a  different  brightness.  If  you  take  colours  the  same  thing  happens. 
Supposing  you  have  two  patches  of  spectrum  colour  of  red  J  inch  in 
diameter  and  another  an  inch  in  diameter.  If  you  stand  three  or  four 
feet  otf  the  brightness  is  different.  It  shows  that  when  you  are  deahng 
with  photometry  of  a  delicate  nature  you  have  to  take  into  account  all 
the  phenomena  and  all  the  de6ciencies  which  exist  in  the  eye.  It  may 
be  said  regarding  the  two  white  spots?  that  the  yellow  spot  of  the  eye 
would  account  for  that  occurrence.  It  might  in  a  certain  sense^  but  it 
will  not  account  for  the  difference  in  intensity  of  the  red  spots,  because 
the  yellow  spot  of  the  eye  allows  all  the  rest  of  the  red  to  go  through 
without  any  absorption  whatever.  The  flicker  photometer  comes  under 
the  same  ban,  to  my  mind,  as  the  other.  Flicker  photometry  is  based 
on  a  physiological  fact>  the  persistence  of  vision  after  the  stimulus  has 
been  removed,  and  it  does  not  give  the  same  curve  as  the  ordinary 
brightness  test.  Prof.  Draper  of  New  York,  I  think,  was  the  first  to 
measure  coloured  light  in  that  way,  I  was  in  commuication  with  him 
at  the  time  he  was  making  those  observations  and  when  he  published 
them.  After  comparing  them  with  the  other  methods  one  came  to 
the  conclusion  that  he  was  measuring  some  form  of  acuteness  of  vision, 
I  think  you  have  to  be  very  cautious  to  show  that  acuteness  of  vision  is 
equivalent  to  brightness  of  light.  What  is  the  difference  between  gas- 
light and  electric  li^ht  ?  You  may  say  the  one  is  whiter  than  the  other. 
No  doubt  that  is  quite  true,  but  do  you  know  how  much  that  whiteness 
is  due  to  the  blue  ?  The  blue  sensation  of  the  electric  light  is  about 
xirpth  part  of  the  red  sensation  in  the  arc  electric  light ;  you  may  cut 
off  the  blue  sensation  if  you  like,  and  it  will  give  you  a  difference  in 
luminosit}'  of  about  ^iiyth  part  of  the  whole,  so  that  you  can  very  nearly 
reduce  the  arc  light  to  the  colour  of  an  incandescent  light  b^^  suitable 
means  and  mtliout  very  greatly  damaging  your  measurements. 

The  subject  of  the  paper  to-ni^ht  is  very  wide  ;  and  when  one 
has  hved  among  piiotometcrs  for  so  long  as  1  have,  one  has  much 
to  say.  There  is  another  method  hy  which  very  accurate  methods  of 
ascertaining  the  brightness  of  a  light  can  be  obtained,  and  that  is  by 
extinction.  If  you  have  a  suitable  absorption  apparatus  and  a  suit- 
able medium  you  can  totally  extinguish  the  Ught  reflected  from  a 
surface,  tliough  radiation  is  still  passing,  but  of  course  proper  pre- 
cautions must  be  taken  as  to  how  you  use  3^ our  eyes.  You  have  to 
keep  in  the  dark  for  some  considerable  time,  and  by  that  means 
you  can  get  a  very  good  measure  of  the  briglitness  of  any  light  by 
knowing  the  amount  of  absorption  that  has  to  take  place  in  order  to 
extinguish  it»  I'hat  was  one  of  the  first  methods  I  adopted  in  some 
War  Office  experiments  undertaken  some  thirty  y^3lT5^  ^^  ^\vct\  S^^ 


sir  Wm.  di 
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Wm.de    electric  light  was  being   introduced  into  the  service.     I  was  then 
*^^'  charged  with  this  branch  of  work  at  Chatham,  and  I  was  called  upon 

to  measure  the  intensity  of  those  lights.  At  that  time  I  came  to  jthe 
conclusion  that  the  extinction  method  was  perhaps  the  best  method 
extant.  I  do  not  say  it  is  the  best  method  now,  but  at  that 
time  I  had  the  available  apparatus,  and  I  measured  the  lights  by  that 
means  with  very  great  ease.  Finally,  let  me  say  I  do  not  see  the 
slightest  difficulty  in  comparing  even,  let  us  say,  a  smoky  railway  lamp 
with  the  arc  light ;  it  is  simply  a  matter  of  practice.  If  you  have  been 
doing  the  work  for  some  time  you  never,  or  very  rarely,  make  a  mistake. 
Anybody  who  has  worked  at  colour  photometry  seldom  fails  in  measuring 
correctly  lights  of  totally  different  colours.  I  prefer  myself  to  have  a 
neutral  comparison  light  (a  colour  intermediate  between  the  two  taken 
to  be  compared)  for  getting  the  closest  readings.  White  for  general 
work  is  a  neutral  colour,  and  that  is  why  it  should  as  a  rule  be  used. 

The    President    announced    that    the    scrutineers   reported    the 
ddent      following  candidates  to  have  been  duly  elected : — 

Member, 
Arthur  George  Way. 

Associate  Member, 
Geo.  Frederick  Alexander  Norman. 

Associates, 

Horace  Bourne.  Robert  F.  Morris. 

Frederick  Bruce.  Fitzroy  Owen  Jonathan  Roose. 

Francis  James  Humphrey.  J.  Charles  Serjeant. 

Student. 
Maurice  George  Tweedie. 
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The  Three  Hundred  and  Eighty-fourth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution  of 
Civil  Engineers,  Great  George  Street,  Westminster,  on 
Thursday  evening,  necemher  i8th,  1902 — -Mr,  JAMES 
Swinburne,  President,  in  the  chair. 


The  minutes  of  the  Ordinary  General  Meeting  held  on  December 
ith,  ig02;  were  read  and  conti ruled. 


The  n^mes  of  the  new  candidates  for  election  into  the  Institution 
ere  announced,  and  it  wa^  ordered  that  these  names  should   he 
usp ended  in  the  Library, 

The  following  transfers  were  announced  as  having  been  apj>roved 
by  the  Council  :^ 

From  the  class  of  Associates  to  that  of  Associate  Members- 


Thomas  W.  Bloxam. 
T.  W.  Broadbent. 
Archibald  Campbell. 
Wm,  Leonard  Carter. 
Thomas  Cooper, 
Lient,-Col  J.  H.  Cowan,  R.E. 
Arthur  Charles  Dcvey. 
Kdward  Dixon, 
Edward  G.  Fishenden. 
Urban  B.  Gilbert. 
John  Greo.  Holds  worth, 
Arthur  Llewellyn  Lean. 
Henry  Luttrell-KKvard. 
Joseph  Roper  Penning. 
Frank  C.  Porte. 
George  Robertson,  jun. 
J,  M,  Shackleton. 
Henry  George  Shoolbrcd, 

John  Ortclli 


WiUiam  Sillery. 
Alan  Smout, 

Frederick  Solonian  Spiers, 
Ernest  F.  Sz lumper. 
Edward  Earnest  Tasker. 
Robert  Tervel. 
Frank  Charles  Thomas. 
G.  Thomas- Davies, 
Herbert  K.  C.  TuUc- 
Frederick  M.  Walker. 
William  Walker, 
Frank  Wallis. 
Charles  T.  Walrond. 
John  A.  Walter  Ward. 
Burke  wood  Wclbounu 
Charles  F.  Wilkins, 
C.  H.  C.  Woodhouse, 
Ernest  H.  Wright. 
Zerega, 


Messrs,   C.   W,    Barnes    and    R.   W-    Hugh  man    were    appointed 
scrutineers  of  the  hallot  for  the  election  of  new  members. 


RRsrMKD  Discai^sios*  on  Papf.k  ox  "Thk  Photometry  of 
Electric  Lamps"  uy  Dr.  J.  A,  Fleming,  M.A.,  K.R.S.,  Mkmhp:r. 

Mr.  A.  P,  Trottku  :  The  paper  before  us  is,  I  think,  the  first  we    Mr.  m 
have  had  in  this  Institution  on  the  question  of  Photometry*    We  had 
a  paper  on  A  Photometer,  the  discussion  upon  which  turned  largely 
upon   the  abused   and   moribund   Standard  Candle.     The  subject  of 
photometry  h^s  occupied  the  attention  of  a  very  iew  otV\cir  %ct(itHit\^\c 
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TrrAttT,  socictics,  but  thcrc  W2L>  one  most  important  Physical  Society  paper  hy  "j- 
Prr>f,  A\Tton  and  Mr.  Medley  in  1895,  which  was  the  first  pcblicatiaa  1- 
on  the  ri^  and  subsequent  fall  of  candle  power  of  glow-lamps  as  thcj  '- 
age.  Beyond  that  very  little  indeed  has  been  done,  but  the  sobject  is,  '"- 
I  think,  very  well  worthy  of  attention,  considering  the  large  proportioa  - 
of  the  electrical  industry  which  is  emploved  in  simpiv  producing 
light. 

The  first  part  of  the  paper  deals  with  the  standards  of  light.  If  I  : 
critici-^e  the  pentane  lamp,  ii  is  purely  from  the  point  of  view  of  the  > 
electrical  engineer.  I  should  have  liked  to  hear,  and  perhaps  we  may  |: 
still  hear,  the  opinions  of  the  gas  referees  upon  the  subject.  At  all  events^  ' 
I  would  like  to  know  whether  the  various  errors  to  which  this  lamp  is  i 
subject  cancel  out  when  a  gas  flame  is  compared  with  it ;  I  imagine  '. 
they  do.  I  >upposc  gas  engineers  do  not  care  very  much  about  the 
errors  due  to  carbon  dioxide  in  the  air,  or  to  the  humidity.  But  there 
is  a  rather  important  variation,  something  to  be  corrected  for,  to  which 
Dr.  Glazebrook  alluded  on  the  last  occasion,  that  due  to  the  barometric 
pressure.  It  was  very  evident  that  a  lamp  depending  for  its  supply 
of  fuel  on  the  gravity  of  the  heavy  vapour  falling,  must  vary  a  good 
deal  with  the  barometric  pressure,  and  the  variation  is  something  like 
four  and  a  half  times  as  much  as  that  of  the  Hefner  lamp.  The 
Hefner  lamp,  on  the  other  hand,  has  met  with  considerable  criticism 
from  Dr.  Fleming,  but  I  think  it  is  not  quite  so  bad  as  he  suggested. 
I  used  this  lamp  in  photometry  with  which  I  occupied  myself  nearly 
ten  years  ago,  and  I  consider  it  to  be  a  very  useful  and  practical 
standard,  its  most  serious  disadvantage  perhaps  being  its  colour.  Dr. 
Fleming,  perhaps,  is  not  quite  logical  when  at  one  moment  he  said  the 
colour  was  so  bad  that  it  was  impossible  to  use  it,  and  a  little  later  said 
the  Flicker  Photometer  so  completely  got  over  the  colour  difficult}'  that 
he  could  easily  measure  an  arc  lamp  against  a  candle.  If  that  is  the 
case,  the  objection  disappears.  I  have  brought  down  my  lamp  to  show 
you.  The  mode  of  measuring  the  height  of  the  flame  is  rather  different 
from  the  one  shown  by  Dr.  Fleming.  This  has  the  Kriiss  optical  flame 
gauge  ;  it  is  a  little  camera,  with  a  lens  and  a  ground  glass  screen,  and 
ou  it  is  a  line  for  the  standard  height  of  the  flame,  40  mm.  There  is  a 
gauge  supplied  with  it  for  gauging  the  height  of  the  top  of  the  wick- 
holder,  and  a  point  40  mm.  above  it.  The  only  difficulty  I  found  was 
with  regard  to  the  purity  of  the  amyl  acetate.  Certainly  it  will  not  do 
to  buy  the  amyl  acetate  at  any  chemist's  shop  any  more  than  you  can 
buy  the  pentane  at  any  chemist's  shop.  It  is  best  to  buy  it  from  the 
makers  of  the  lamp,  but  I  find  that  even  the  official  quality  corrodes 
the  brass  work  a  good  deal,  so  I  added  a  little  tap  to  run  it  out  when 
the  work  is  over.  It  is  a  good  thing  to  wash  the  lamp  out  with  alcohol 
before  putting  it  away.  The  flame  has  a  singularly  low  temperature. 
I  suppose  this  accounts  for  the  reddish  colour,  and  for  the  small 
draught.  The  flame  is  therefore  easil}'  disturbed  and  must  be  pro- 
tected from  draughts. 

On  pp.  129, 130  some  formula?  are  given — rather  foggy  formulae,  I  am 

afraid.    Tlie  first  one  deals  with  the  quantity  of  water  vapour.     That 

need  not  concern  us  very  much.    T\\e  \ve\.  ^iTvd  dx^  V^vs^Vq  IVvetrmometer 
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is  good  L'lioii^^h^  hut  the  variations  arc  not  very  great  a  ad  can  be  Mr  Tn 
allowed  for  approximately.  The  next  one  is  tbe  carbon  dioxide  in  the 
air.  That  is  practically  negligibJe  in  the  ordinary  laboratory.  Dr. 
Fleming  mentions  hovif  it  was  noticed  when  a  good  many  students 
came  into  a  small  gallery  where  a  lo-candle  pentane  lamp  was  being 
used  ;  but  you  do  not  get  much  carbonic  acid  gas  in  an  ordinary 
ventilated  room,  nsing  electric  lamps  and  a  Hefner  lamp,  Liebcnthai's 
formula  L^iot2  —  o'cx>72.v,  where  vis  litres  of  carbonic  oxide  per 
cubic  metre,  asjjumcs  a  unit  value  for  the  light  when  these  are  v66 
litres  of  carbonic  oxide  per  cubic  metre^  or  in  plain  English  i6-6  pai't?i 
in  ro.ooo,  or  in  still  plainer  English  an  extremely  stuffy  and  unhealthy 
state  of  the  air»  One  of  the  most  important  of  the  formuhe  is  the  one 
relating  to  the  height  of  the  flame.  I  will  put  another  formula  of  the 
same  class  on  the  hoard — 


P  =  fi8+r5  (n-  12)V 


^^  P  is  the  price  in  shilhngs  per  dozen  of  lamps :  the  formula  simply 
means  eighteen  shillings  a  dozen,  I  say  that  that  is  not  the  right  sort 
of  thing  to  offer  to  engineers,  although  it  may  do  for  the  laboratory.  I 
do  not  blame  Dr.  Fleming  for  contriving  it,  only  for  reproducing  iU 
Dr,  Liebenthal  is  responsible  for  it.  The  long  and  the  short  of  that 
very  foggv  formula  is,  that  the  height  of  the  flame  is  proportional  to  its 
candle-power  when  it  is  over  40  mm.  I  attach  great  value  to  Liebenthars 
w^ork  on  the  Hefner  lamp,  but,  nevertheless,  I  say  that  it  is  an  abuse  of 
mathematics  to  give  us  a  formula  of  this  sort 

The  height  of  the  flame  w^hich  will  give  us  one  candle-power  is 
rather  an  important  matter,  and  Dr.  Fleming  gives  088  as  the 
multiplier,  being  the  average  of  a  number  of  measurements.  I  have 
used  0-877,  tl"^^  average  of  a  different  set,  but  I  always  think  of  the 
relation  as  a  difference  of  14  per  cent,  and  not  as  a  fractional  multiplier. 
Dr,  Fleming's  figure  works  out  at  13  6  per  cent,  1  think  that  until 
an  authoritative  comparison  is  declared,  14  per  cent,  is  as  close  to  the 
mark  as  15  6  per  cent.  On  this  Uttlc  ground -glass  screen  I  have 
drawn  another  line  5^  mm.  below  the  official  black  line,  and  this 
gives  me  the  height  of  the  inverted  image  the  flame  which  corre- 
sponds to  one  British  standard  candle  for  all  practic^il  purposes.  The 
Standard  Candle  is  now  becoming  an  arbitrary  unit  embodied  in  the 
pcntane  lamp,  and  this,  whatever  be  its  defects  or  merits,  must  be 
accepted  of  course  as  the  official  10  Standard  Candles*  and  wc  shall 
base  any  standard  lamps  upon  that  and  not  upon  the  measurements 
with  actual  candles,  which  have  had  their  da}%  This  formula  is  an 
important  one  ;  Dr,  Fleming  gives  it  correctly,  but  I  think  this  is  a 
good  opportunity  to  call  attention  to  the  fact  that  in  Palax's  well- 
known  book  on  photometry  it  is  given  with  two  misprints,  and 
Ihe^e  are  reproduced  in  the  American  transhition  of  Palaz's  work, 
I  did  not  read  Palaz  until  after  I  had  stopped  my  photometric 
work,  and  I  used  to  work  with  the  14  per  cent.  Palaz  docs  not 
quote  from  the  original   paper,  but  frotn  La  Linnierti  Ehciriquc. 

Dr.  Fleming's  standard  lamps  with  aged  filaments  put  \nlQ  v\<^>«  ^^^% 
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Mr.  Trotter,    is  certainly  an  admirable  idea.  But  there  is  one  point  about  them  which 

does  not  satisfy  me,  and  that  is  the  use  of  a  clear-glass  globe.     I  have   ^ 
found,  in  using  a  glow-lamp  as  a  working  standard,  that  it  is  extremely    . 
important  to  have  either  a  ground -glass  bulb  to  the  lamp  or  a  ground-    , 
glass  shade  ;  because  not  only  do  very  small  irregularities  in  the  glass    . 
produce  very  considerable  refractive  effects,  and  the  very  smallest 
movement  of  the  lamp  makes  a  very  considerable  difference  if  you  are 
dealing  with  anything  like  i  or  2  per  cent.,  but  you  have  an  imperfect 
concave  reflector  at  the  back  of  the  lamp  which  has  no  particular  focus.    .. 
I  do  not  think  it  is  sufficient  to  say  you  should  use  a  lamp  in  a  definite    i 
direction.     I  have  always  used  a  ground-glass  lamp,  taking  care  to    \ 
handle  it  by  a  flange  attached  for  the  purpose  to  the  socket.     I  think    • 
perhaps  a  ground-glass  cylinder  which  can  be  cleaned  carefully  with 
ether  to  make  it  perfectly  clean,  is  better  still,  and  if  it  is  regarded  as  a 
part  of  the  standard  no  correction  need  be  allowed  for  the  absorption 
of  it. 

The  photometer  to  which  Dr.  Fleming  is  most  attached  is  the 
Lummer-Brodhun,  which  calls  itself  in  the  advertisements  a  precision 
photometer.  I  rather  object  to  any  photometer  calling  itself  a 
precision  photometer.  It  has  the  disadvantage  to  many  English 
people  that  you  have  to  put  your  eye  against  an  eye-piece,  A  German 
scientific  man  is  never  happy  unless  he  has  his  eye  glued  against  an 
eye-piece,  and  I  think  Sir  William  Abney  agrees  with  me  that  in 
photometry  3^ou  want  to  take  a  general  good  view  at  a  thing,  standing 
some  way  off,  and  forming  a  judgment,  because  after  all  photometry 
is  almost  entirely  a  question  of  judgment.  Photometry  is  not  a 
physical  measurement ;  it  is  a  judgment,  and  you  must  base  your 
physical  measurement  indirectly  upon  the  judgment  of  the  eye.  Dr. 
Fleming  also  alludes  to  various  other  photometers.  We  do  not  hear 
much  about  the  Bunsen  photometer  now.  Many  text-books  on  physics 
make  the  extraordinary  error  of  thinking  that  a  disappearance  on  a 
Bunsen  screen  means  a  balance.  Mr.  Stine,  in  a  very  good  American 
book  on  photometry,  gives  a  picture  of  the  Bunsen  photometer,  with 
a  plain  disk  erected  on  a  bar  with  no  mirrors.  It  is  perfectly  useless 
to  put  up  a  Bunsen  screen,  and  to  get  the  disappearance,  and  then  say 
you  have  a  balance.  If  you  look  on  the  other  side  you  find  the  appear- 
ance is  quite  different.  It  is  essential,  in  work  with  any  photometer 
of  the  Bunsen  type,  to  have  two  mirrors  and  regard  the  spot  from  the 
same  angle  by  means  of  the  mirrors. 

In  the  next  place  Dr.  Fleming  goes  in  for  the  consideration  of  the 
(lark-room  and  recommends  an  elaborate  blacking  of  the  photometer 
room.  But  I  have  found,  working  in  an  ordinary  room,  that  you  can 
do  a  good  (leal  of  accurate  photometry  by  using  black  cardboard 
screens  with  holes  in  them,  on  the  principle  of  the  rifle  range,  of 
course  putting  your  light  in  a  black  box.  In  my  photometry  work 
my  most  valuable  assistant  was  a  little  piece  of  looking-glass.  If  I 
wanted  to  know  whether  there  was  any  stray  light  falling  on  the 
photometer  I  screened  the  direct  light  with  a  small  screen  and  placed 
the  looking-glass  so  that  I  could  look  into  it  at  an  angle,  and  get,  as 
j't  were,  right  into  the  photometer,  \oo\d\\g^iTorcv\)\^  V^otometer's  point 
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ftf  view  to  see  if  there  was  any  stray  light  aboyL     If  there  was  not.  I   **•"'  '^^ 
was  satisfied  that  the  effect  was  as  good  as  if  I  had  painted  all  the 
walls  of  my  room  black. 

Dr.  Fleming  suggested  a  method  of  measuring  the  candle-power  of 
an  arc  lamp  which  is  not  unhke  the  one  described  by  Mr.  Weeltes  in  a 
discussion  on  a  paper  which  I  had  the  honour  of  reading  l^eforc  this 
Institution  in  iHya  oo  the  caodJc-power  of  arc  lamps,  Mr.  Wcekcs,  like 
Dr.  Fleming,  took  the  liorizontal  beam  as  the  standard.  1  think  that 
is  the  worst  beam  to  take,  because  with  the  smallest  inaccuracy  in  the  H 
shape  of  the  crater,  or  if  it  h  a  little  bit  on  one  side,  the  strength  of  H 
the  beam  must  be  altered  very  seriously.  The  best  beam  to  take 
would  be  somewhere  about  45°  or  where  you  get  a  full  view  of  the 
crater*  I  have  never  tried  the  horiaional  beam,  but  I  say  now,  as  1  said 
in  my  criticism  of  Mr.  Weeketv'  remarks  in  1S92,  that  it  does  not  appear 
that  the  horizontal  beam  is  a  good  one  to  take  as  a  unit  for  comparison. 
I  am  very  relieved  to  find  a  record  of  e^tperiments  showing  the 
proportionality  of  the  moving  sector  of  a  Fox-Talbot  disk,  because  an 
American  some  eight  years  ago  published  a  paper  in  the  FJivshaf 
Rn*i€tv  making  out  that  it  was  quite  erroneous,  and  that  the  revolving 
sector  did  not  cut  off  the  simple  proportion  of  the  light,  and  that  some 
physiological  effect  took  place.  It  is  a  great  comfort  to  lind  these 
results,  because  the  bulk  of  Sir  William  Abncy's  work  would  have  been 
valueless  if  it  were  true,  and  we  are  perfect  I  v  certain  it  \^  not,  because 
Sir  William  would  have  been  utterly  confused  years  ago  if  the 
American  suggestion  had  been  true.  Dr,  Fleming  goes  on  to  discuss 
the  polar  curve  of  a  lamp.  1  am  very  glad  to  see  that  in  print  in  the 
Journal,  because  in  my  paper  to  which  I  have  referred  I  made  a  bad 
mistake,  and  this  puts  it  right.  Dr.  Fleming  then  goes  on  to  say 
that  before  making  experiments  predetermined  calculations  of  the 
illuminations  of  arc  lamps  should  be  made,  I  think  that  has  been 
rather  over -done  already.  Palaz's  book  is  full  of  it ;  Blondel  has 
done  a  lot  of  it",  Marechal,  in  his  book  on  the  lighting  of  Paris,  has 
also  investigated  the  matter,  and  I,  in  my  paper  read  before  the  Civil 
Engineers  in  1892,  contributed  a  great  many.  We  have  been  over- 
burdened with  pre -de  terminations.  What  we  want  to  do  is  to  get 
actual  measurements,  of  which  I  have  done  a  few  myself.  Pre- 
determinations are  interesting  to  calculate  and  plot,  but  as  a  matter 
of  fact  when  you  come  to  compare  them  with  practice  M.  Blondel 
|j«ays  they  do  not  at  aU  agree  with  the  results,  I  concur,  although  I 
understand  that  M.  Blondel  made  this  remark  in  support  of  pre- 
iJeter  mi  nations  and  in  disparagement  of  plotted  results  of  actual 
mcasiirements.  I  will  say,  in  conclusion,  that  I  disagree  with  XUv 
object  ions  to  thL-  caudle  and  \u)i  at^  units.  The  quantity  0^05  of  a 
SujE  is  a  most  important  one  in  street  work.  The  lux-second  is  an 
cslremely  important  thing  m  photography— in  fact,  though  hardly 
^any  one  realises  it^  the  whole  question  of  photographic  exposures  is 
b^sed  upon  the  lux-second.  All  the  arbitary  plate  numbers  and  con- 
^?laats  of  the  Wat  kin  and  Wynne  actinometers  ought  to  be  expressed 
in  lux-seconds.  It  was '*  adopted  *' by  the  International  Photog^ra^Vvvc 
Congress  iit  Bruj^sels  in  i8gr,  but  so  f^r  as  I  know,  is  never  used,. 
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Mr.  Troitcr.  I  see  no  reason  for  disturbing  the  order  of  magnitude  of  the  vaaSk 
of  luminous  intensity.  It  is  an  effort  to  use  this  expression — luminon^ 
intensity,  one  would  naturally  say — candle-power.  The  expression 
candle-power  is  firmly  fixed ;  nobody  is  going  to  talk  of  luminous 
intensity  except  in  the  lecture-room.  To  speak  of  a  candle-power  <£ 
one  "lamp,"  meaning  a  candle-power  of  ten  old  candles,  would  be 
very  confusing. 

My  appreciation  of  the  Hefner  lamp  as  an  instrument  does  not  biaaj  -^ 
me  in  favour  of  the  Hefner  unit  as  compared  with  the  Standard  Candle.' 
Personally,  I  should  be  content  to  take  the  National  Physical  Laboratory." 
declared  value  of  the  ten- candle  pentane  standard  as  ten  British' 
candles  and  use  standardised  glow-lamps  or  a  Hefner  lamp,  with  the 
National  Physical  Laboratory  factor  of  14  per  cent,  or  whatever  it  is  [ 
found  to  be.     But  the  Hefner  unit  is  established  in  Germany,  and  has  ! 

\ 
'i 

\ 


Fig.  F. — Photometer  box  with  star  hole  ;  and  screen  shown  separately  with 
slot  lioles.  For  the  sake  of  clearness  the  holes  are  shown  larger  than 
in  practice. 


been  accepted  in  the  United  States.    To  give  up  the  old  "  parliamentary  - 
candle  "  and  to  adopt  a  new  value  would  cause  but  little  confusion  and  _^ 
expense  ;  and  the  old  candle  is  not  a  standard  of  which  we  are  proud. 
The  arguments  against  abandoning  or  shortening  the  yard,  and  for 
adopting  the  metre  instead,  do  not  apply  in  this  case.    We  cannot 
expect  other  nations  to  adopt  the  British  candle.     Lamp-makers  ought 
to  welcome   the    change,  for    14   candle-power  lamps  will  become  "^ 
16  candle-power  and  16  candle-power  will  become  i8:J  candle-power.    ■ 

A  photometer  which  I  described  in  a  paper  before  the  Physical 
Society  in  June,  1893,  does  not  seem  to  be  known.  It  achieves  the 
result  aimed  at  by  the  Lummer-Brodhun  photometer  in  a  much 
more  simple  way.  In  the  Lummer-Brodhun  instrument  you  see  two 
images  of  the  opposite  sides  of  a  screen.  One  image  appears  to  have 
a  hole  in  it,  and  you  see  the  other  image  through  this  hole.  To  arrive 
at  this  result  you  have  to  use  four  prisms  or  two  mirrors  and  two 
prisms.  The  prisms  appear  to  be  the  latest  improvement.  These  prisms 
have  no  less  than  eleven  surfaces  which  must  be  truly  plane  and  clean* 
and  besides  these  there  are  one  ot  \>no  \^ti^^.  ^^-^  ^^vatometer  i^ 
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nothing  more  than  a  modification  of  Sir  John  Coiaroy's  or  Ritchiu*s 

photometer,  and  the  modification  is  in  the  same  direction  as  that  made 

by  Prof*  S.  P*  Thompson.     There  are  two  screens  set  at  the  same  angle 

to  the  light ;  one  lias  a  hole  or  holes  in  it,  and  you  look  at  the  further 

screen  through  the   holes  in    the   nearer   screen.     The   angle   of  45^ 

aUnded  to  by  Dr*  Fleming  in  various  photometers  is  the  worst  angle^ 

for  if  there  is  any  glaze  it  will  cause  trouble,  and  to  avoid  all  glaze  is 

very  troublesome.     The  best  angle  is  about  35'^,     Not  only  may  this 

angle   be  %*aried  a  little  in  either  direction  without  causing  much 

difference  in  the  brightness,  but  the  brightness  is  greater  than  at  45'^. 

I  see  no  object  in  using  compressed  magnesia.     What  if  it  be  brighter 

by  one  or  two  per  cent,  r    Shortening  the  photometer  bar  by  an  inch 

or  two  would  more  than  do 

that.      I    have    tried    various  4^ 

material,    including    screens 

painted  with  magnesia  white- 

I  wash.  1  find  that  good  Bristol 

I  board  (white  cardboard),  with       

^  the  glaze  removed  by  a  damp 
doth  or  by  pumice  po%vderj  is 
acellent.  If  one  hole  is  used 
it  may  be  star-shaped^  distort- 
ing the  star  so  that  when  seen 
[  at  an  angle  it  appears  sym- 
tnetrical.  The  edges  must  be 
carefully  bevelled*  Another 
form  of  screen  has  several 
slots  which  are  used  on  the 
principle  of  hmit  gauges. 

When  the  middle  slol 
shows  a  balance  the  slot  on 
One  side  is  brighter  and  on 
the  other  side  less  bright. 
I'he  back  of  the  front  screen 
^liould  be  blackened  to  avoid 

i~eflectcd  light.  The  whole  arrangement  should  be  reversible  to  prove 
ili  symmetry,  or  to  allow  a  mean  to  be  taken.  The  instrument  shown 
>i^"as  made  by  Messrs.  Nalder  Bros.  The  method  of  double  weighing 
''ecommended  by  Dr.  Fleming,  to  get  over  want  of  symmetry  in  the 
pbotonieter,  is  a  poor  comment  on  its  construction, 

hi  conclusion  I  offer  four  additions'  to  the  vatuable  bibhography 
collected  by  Dr.  Fleming. 

Mr.  Kkxelm  Edgcumbk  :  It  seems  to  me  that  the  paper  to  which 
yft  have  just  listened  js  too  good,  too  e.'icellent  a  paper :  that,  in  inci, 
H  IS  rather  disheartening  to  any  of  us  who  axe  rash  enough  to  want 
^  measure  the  candle-power  of,  say,  our  incandescent  lamps.  What 
3re  we  to  do  if  we  have  not  such  a  palatial  apartment  as  Dr.  Fleming 
^Quld  have  us  set  aside  for  a  photometer  room  ?     Personally^  I  have 

[These  are  nt>vv  incorporated  in  Or-  Fleming's  Blbliography.^ — Ed,] 


Mr.TmUcr. 


ViG,  G. — Plati  showinjs^  rays  from  the 
left  striking  the  screen  A  B,  part  of 
which  is  visible  through  a  hole  or 
holes  in  the  screen  B  C,  which  is 
ihuminated  from  the  right. 
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Mr.  ' 

Mjjcuinbc.     often  liad  to  work  with  the  ordinary  enclosed  photometer,  and  I  am 

very  pleased  to  hear  Mr.  Trotter  say  that  in  his  opinion  good  results  can    j 
be  got  with  one.     I  have  certainly  found  the  screen  mentioned  by  Mr. 
Trotter  to  be  most  s;itisfactory  ;  and  this  type  of  photometer,  which  I    | 
iniglit  perhaps  call  "  the  hole-and-corner  photometer  '* — that  is  to  say,    . 
a  shelf,  with  a  curtain  in  front  of  it — is  certainly  all  the  bulk  of  us  can 
ever  use.     It  has,  moreover,  several  advantages  over  the  photometer 
room.    In  the  first  place,  we  can  read  the  divisions  on  the  scale  without    , 
any  cliance  of  seeing  the  lamps  themselves,  which  is  important ;  and,    r 
moreover,  the  instruments  can  be  easily  read. 

In  regard  to  one   of  the  diagrams  (Fig.  5),  I  should  like  to  hear    ' 
how  Dr.  Fleming  proposes  to  regulate  the  voltage  on  what  he  calls 
the  **  comp;u-ison  lamp."     I  take  it,  he  uses  another  resistance,  and 
measures  the  voltage  on  the  potentiometer.  This  is  a  perfect  arrange- 
ment if  you  have  a  100-  or  200-volt  battery  at  your  disposal,  and  which   : 
is  not  being  used  for  anything  else  ;  but  it  is  quite  out  of  the  question 
when  working  off  the  supply  mains.     For  instance,  you  measure  the 
voltage  on  one  lamp  to,  say,  one-hundredth  of  a  volt,  but  by  the  time 
you  have  adjusted  the  other  one,  the  voltage  has  gone  down  four  or 
live   volts.     Moreover,  for  alternating  currents,  which  are  extremely 
useful   for  adjustment,   and  also   for  obtaining  various  voltages,  you    . 
cannot  use  the  potentiometer.     If,   on  the  other  hand,   the  standard 
lamp  is  simply  marked  as  giving  such  and  such  a  candle-power  at  a  . 
(Icfniitc  voltage,  it  is  merely  necessary  to  connect  the  two  lamps  up  in  ; 
parallel  across  the  same  supply,  and  adjust  roughly  by  the  voltmeter. 
We  know  then  that  we  have  the  sam,e  voltage  on  each  lamp,  and  as  it 
has  been  repeatedly  shown  that  the   candle-power  bears  a  perfectly 
(lelinite  relation  to  the  voltage,  even  with  different  types  of  lamps,  it 
is  quite  immaterial  how  the  voltage  may  vary,  and  the  ordinary  volt- 
meter is  quite  accurate  enough  for  the  purpose. 

Dr.  Fleming  says  that,  in  his  experience,  no  voltmeter  or  ammeter 
is  sufficiently  accurate  for  photometer  work.  If  used  in  the  way  he 
suggests,  namely,  by  adjusting  separately,  I  quite  agree  with  him  as 
regards  the  voltmeter,  but  as  for  the  ammeter,  I  think  it  is  amply 
sufficient,  as  a  half  per  cent,  or  i  per  cent,  error  is  quite  negligible 
in  photometer  work. 

I  have  lately  been  trying  to  do  what,  I  fear.  Dr.  Fleming  would 
consider  impossible,  namely,  to  measure  the  candle-power  of  ordinary 
incandescent  lamps  without  any  photometer  room  at  all.    I  have  placed 
on  the  tabic  the  instrument  as  it  is  at  present  constructed.      It  consists, 
as  will  be  seen,  simply  of  a  box  with  two  removable  ends.     One  end  is 
to  be  taken  off,  and  the  other  has  a  hole  cut  in  it.     In  the  middle  is  a 
partition  with  the  photometer  proper — a  grease  spot.     Stretched  out  to 
one  side  there  is  a  tape,  divided  off  directly  into  candle-power.    Iim 
order  to  standardise  the  apparatus,  you  take  the  standard  incandescent 
lamp,  which  gives,  let  us  say,  i6|  candle-power  at  100  volts,  put  it  019- 
the    mark    representing   16^  candle-power  on   the   scale,   and   move? 
another  lamp  on  the  other  side  of  the  screen  until  you  get  a  balance* 
Both   lamps  are  run  in   parallel,  and  the  instrument  then   become^ 
direct  reading,  it  being  mereVy  ueccssat^  lo  \e^la.ce  the  standard  lamp 
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by  the  lamp  to  be  tested.     It  has  the  sid vantage  that  it  can  be  used  Mr,        1 

anywhere — in   llii^   room,  for  instance.      Stray  light  does  not  iiJfect       ^*^""^^ 

the  accuracy  of  the  apparatus^   because  wlien  you  are  making  the 

first  comparison  the  hght  is  there,  and  you  are  balancing  with  it.  J 

Mr,  J,  T.  MoRKis :  I  propose  to  confine  my  remarks  to  the  first   Mr.  Woci 

portion  of    the   paper,   which  deals    witli    standards.      Dr.    Ftemiug  I 

divides    these    into    two    groups — primary    standards    and    working  I 

standards*     With   regard   to  the   former,  having  had  the  pleasure  of  I 

seeing  sonte   of   Mr.   Petavel's  w^ork  on   the  Violte   standard,  I   can  I 

say   that    the  colour  of   that   light   is  very  suitable   for   photometric  I 

work.     In  the  amyl-acetate  lamp^  on  the  other  hand,  I  consider  that  the  I 

colour  difficulty  does  render  accurate  photometry  more  difficult,  and  I 

for  the  primary  standard  of  hght  one  would  naturally  select  one  whose  I 

colour  nearly  resembles  that  of  the  light  which  one  usually  haii  to  test  I 

Theui  wuth  regard  to  the  setting  up  of  the  Violle  standard,  a  large  mass  I 

of  plaiiniim  is  required*     Dr.  Fleming  mentions  ^In  Petavel's  statemeot  I 

Ihat  half  a  kilogramme  is  required.   But  that  is  a  matter  of  over  a  pound  of  I 

an  extremely  expensive  met  ah     Further^  the  standard  is  one  which,  in  I 

the  way  Mr,  Petavel  used  itj  was  only  transient.    The  plathnmi  was  I 

heated  by  means  of  an  oxy- hydrogen  flame  to  a  high  temperature,  then  I 

the  arrangement  was  allowed  to  cool  steadily,  and  w^hen  it  came  to  I 

the   temperature  of   solidification^   there   w^s  a  delay  in   tlie   steady  I 

diminution  of  light  from  the  platinum  which  lasted,  in  his  case,   for  I 

a  period  of  about  fifty  seconds.     Now%  hfty  seconds  is  hardly  long  I 

eiiough  for  a  primary  standard  of  light  to  last.     I    would   therefore  I 

suggest  that  it  would  be  better,  if  such  a  standard  is  to  te  employed,  to  I 

use  electric  heating  by  means  of  alternating  currents.     So  long  as  one  I 

is  dealing  witli  secondary  batteries  there  is  considerable  difficulty  in  I 

fnnecting  them  in  parallel  for  suitable  working.     But  if  an  electric  I 

felding    transformer    were  used  for  the   purpose,    1  imagine    more  I 

;essful  results  could  be  obtained,  only  the  current  sliould  not  be  cut  I 

completely  from  the  platinum.    After  the  platinum  is  thoroughly  I 

lelted  the  current  should  be  reduced  to  such  an  amount   that   the  I 

platinum  will,  in  time,  completely  solidify,  and  this  will  give  a  much  I 

iivger  time  over  which  one  can  make  observations  of  the  actual  hght  I 

bich  is  emitted  during  solidification.  I 

Then,  passing  to  the  matter  of  working  standards — and,  I  believe,  by  I 

irking  standards  Dr.  Fleming  means  standards  w^hich  are  capable  of  I 

Lething   like  one   to  a  half  of  i  per  cent,  degree  of  accuracy  —  I  I 

[have  had  little  practical  experience  w^ith  the  amyl-acetate  lamp.  I 

With    a  simpler  forni^  however,  of    the  Vernon-Har court  lamp,  I 

:nown  as  the  Simmanee  pentane  standard  lamp,  I  have  w^orked  and  I 

lound  it  extremely  useful  in  the  laboratory.    The  chief  advantages  of  i 

(his  lamp  are  that  it  quickly  attains  its  normal  candle-power,  and  also 

that  it  hiis  no  chimney  surrounding  the  Hame.     The  advantage  of  its  J 

having  no  chimney  is  that  it  does  not  take  a  long  time  to  heat  up,  I 

This  was  a  ver^-  serious  objection  to  the  Woodhouse  and  Rawson  form  I 

of  the  lacipj  which  certainly  took  half  an  hour  before  the  lamp  gave  its  I 

Mnnal  amount  of  light,  I 

Turning  to  incandescent  lamps,  when  an  incandescent  lamp  \s  lo  Nsg  1 
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Mr.  MorriH.  ^^^  y^^  ^^^,  working  standard,  we  must  first  of  all  discard  all  filaments 
which  have  more  than  one  loop  in  them.  The  horse  shoe  filament  is  a 
convenient  one,  because  it  is  all  in  the  same  plane,  and  therefore  one 
can  tell  accurately  the  distance  that  the  filament  is  from  the  photometer 
with  which  one  is  working.  I  have  had  the  pleasure  of  working  for 
Dr.  Fleming  with  some  of  these  Fleming-Ediswan  standard  lamps 
some  six  years  ago,  and  comparing  the  work  that  one  can  do  with  the 
ordinary  horseshoe  filament  in  the  small  and  large  bulbs,  I  consider 
that  the  large  bulb  form  is  much  more  satisfactory.  Any  shght  change 
in  the  orientation  of  the  bulb  does  not  influence  the  candle  power 
so  seriously  if  the  large  bulb  is  used.  Incandescent  lamps  of  any  kind 
have  the  advantage  over  flame  standards  that  they  are  entirely 
unaffected  by  variations  in  carbonic  acid,  moisture,  and  barometric 
pressure ;  but,  on  the  other  hand,  great  care  has  to  be  taken  in  the 
measurement  of  the  electric  pressure.  Mr.  Edgcumbe  has  remarked 
that  if  your  voltmeter  gives  you  a  result  accurate  to  within  half  per 
cent,  or  i  per  cent,  you  get  quite  near  enough  results.  That  may  be 
so  in  ordinary  lamp  photometry  for  works  measurement,  but  if  you 
want  to  obtain  a  degree  of  accuracy  of  i  per  cent,  in  the  light,  it  is 
essential  that  the  pressure  be  measured  to  one-sixth  part  of  one  per 
cent.  [Mr.  Edgcumbe  :  I  meant  when  the  two  lamps  are  in  parallel ; 
not  when  you  are  working  against  a  primary  standard.]  Perhaps  I 
have  misunderstood  you.  However  that  may  be,  in  any  case  where  a 
single  lamp  is  used  for  photometry,  if  you  require  an  accuracy  of  half 
a  per  cent,  in  your  candle  power,  you  must  measure  your  volts  to 
Ti  or  iV  o^  I  P6i'  cent.  Measuring  instruments  are  then  practically 
out  of  the  question,  and  a  potentiometer,  in  some  form  or  other,  almost 
becomes  a  necessity.  The  filament  that  Dr.  Fleming  has  shown  is  one 
of  the  horseshoe  type.  It  might  be  a  Httle  more  satisfactory  if  that 
filament  could  be  held  in  a  rigid  position,  and  so  be  maintained  in  a 
perfect  plane,  if  possible,  because  there  is  a  tendency  for  it  to  wobble 
slightly  under  certain  circumstances.  But  these  are  only  minor 
criticisms,  for  I  consider  the  large  bulb  lamp  is  certainly  a  very  marked 
advance. 

There  is  just  one  other  point,  and  that  is  the  regulation  of  the 
temperature  of  the  photometer  room.  I  should  be  glad  to  know  if  Dr. 
Fleming  has  carried  out  any  experiments  with  regard  to  the  relation  of 
temperature  and  the  candle-power  of  these  lamps.  Since  the  last  meeting 
it  occurred  to  me  that  I  might  put  the  matter  roughly  to  the  test,  and 
I  carried  out  the  following  experiment :  I  had  two  55-volt  16  candle- 
power  lamps  connected  in  parallel  so  that  they  were  run  at  exactly  the 
same  voltage.  They  had  horseshoe  filaments  and  were  fixed  six  feet 
apart.  A  photometer  was  placed  between  and  their  candlcrpower  was 
carefully  compared.  Then  an  arc  lamp  resistance  which  had  been 
placed  underneath  one  of  the  lamps  was  arranged  so  that  it  could  be 
heated  by  means  of  an  electric  current  and  so  the  temperature  of  the 
space  round  one  of  the  lamps  could  be  varied,  and  in  the  curve  the 
results  are  indicated.  Along  the  base-line  is  plotted  the  rise  in  tem- 
perature of  the  space  surrounding  the  heated  incandescent  lamp. 
'^hat  temperature  was  measured  wVierv  iVie  \?LYvvp  >«^&  iM^ued  out.    The 
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Ifldle-power  is  meuHured  upwards^  hut  in  this  diagram  I  have  plotted  ^^'', 
the  percentage  increase  of  the  lights  not  the  absoUile  candle-power  ;  so 
if  one  considers  it  as  a  matter  of  total  candle-power,  the  base-line  is 
one  hundred  times  the  width  of  one  of  these  divisions  down  below. 
So  w^c  have  percentnge  increase  in  light  and  rise  in  temperature.  There 
were  only  four  points  obtained,  after  which  the  lamp  wa!^  allowed  to 
cool  Tlie  spot  below  the  starting  point  of  the  curve  indicates  the 
nearness  with  which  one  can  get  biick  to  the  original  value.  The  table 
ccompanying  the  curve  shows  the  relation  of  the  actual  temperature 
of  the  space  surrounding  the  lamp  when  it  is  sw^itched  out,  to  its 
candle-power. 
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^V  This  experiment  shows  that  in  these  particular  55 -volt  lamps  for  every 
g°  centigrade  rise  in  temperature  the  light  given  out  by  the  lamp  rose 
I  per  cent,  ;  so  quite  apart  from  the  necessity  of  ventilating  the 
photometer-room  and  keeping  it  cool  for  potentiometer  work  and  flame 
workj  it  is  also  advisable  to  keep  the  temperature  moderately  constant 
so  that  the  light  given  out  by  one  of  these  working  standards  shall 
remain  constant, 

Mr.  F.  H.  Varlky  :  There  ai*e  one  or  two  points  to  which  I  should  ^^'' 
like  to  draw  attention.  The  first  is  connected  wuth  tlie  pentane  lamp, 
to  which  Mr.  Vernon  Harcourt  referred  on  the  last  occasion.  Dr. 
Fleming  gives  two  readings  taken  six  years  apart,  in  which  a  varia- 
tion in  the  glow-lamp  of  about  Vt  occurred  in  the  six  years  ;  this 
he  attributes  to  the  fact  that  the  pentane  lamp  was  not  reading  at  its 
full  value  J  and  hence  the  higher  reading  for  the  incandescent  lamp. 
Referring  to  the  air-gas  pentane  lamp,  sucli  a  variation  there  is  no 
doubt  is  not  due  to  any  fault  of  the  pentane,  nor  to  the  lamp,  but  is 
entirely  due  to  impurities  in  the  air.  The  lamp  draws  in  air  thco\i^l\ 
the  valve,  and  is  actuated  by  pentane  vapour,  I!  th^  aiir  \^  tativsXifti^^vv 
Vol.  S3,  *  13 
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tliere  is  u  repellant  action,  and  it  does  not  ab^rb  so  much  pentanc 
va|>our  as  wlicn  the  air  is  pcrfeciJv  dr^.  Wc  know  the  effect  ol 
moisture  in  the  air  as  far  as^  combusfion  t*  concerned  :  it  cooU  the 
flamc%  and  causes  iiiipcriect  coiiibustioii  of  the  carbon,  and  the  flam? 
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smokes.     If  precautions  arc  taken  lo  render  the  air  perfectly  dry,  J 

tht  organic  matters^  chiefly  ammonia  and  carbon  djoxidcj  be  renio^ii 

then  having  got  a  standardised  pfcvilawt,  ts.  ^VaYLdaL^dUed  burner,  an^ 
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otte  should  have  removed  all  the  variatjoiis  due  to  the  pentane  lamp,   ^f-  Vjwij 
except  those  of  barometric  pressure  and  temperature*    Those  surely 

can  be  calibrated,  and  a  constant  given  for  each  millimetre  change  of  1 

pressure,  or  each  degree  of  temperature*     To  obtain  standardised  air,  I 

it  should  be  drawn  from  an  independent  source  free  from  the  con-^  I 

taminated  atmosphere  of  the  photo  meter -room,  passed  over  lumps  of  | 

pumice-stone    saturated   with    potasstum    permanganate    solution    to  I 

remove  organic  impurities^  then  through   unslaked  lime,  and    Imally  I 

through  csilcium  chJoride  to  extract  moisture  and  COt-  I 

With  regard  to  tlie  question  of  photometry,  in  the  year  i88q  I  devised  I 

a  photometer  which  is  a  direct-reading  photometer  (Fig.  K)  and  which  I 

tias  the  advantage  that  it  can  be  used  in  a  very  small  space.    I  made  I 

these  tw^o  cardboard  disks  to  illustrate  the  principle  of  iL     It  is  a  sector  I 

photometer.    There  are  two  openings,  one  is  now  small  and  the  other  I 

large*     If  I  turn  one  disc  upon  the  other  so  as  to  get  a  full  opening  of  I 

one  sector  I  shall  entirelv  close  the  other.     When  it  is  rotated  you  have  I 

two  rings  of  light*     II  we  twist  the  disks  we  shorten  the  length  of  one  I 

ring,  and  make  a  corresponding  opening  on  the  other.     We  have  two  I 

lights  passing  through,  one  through  the  small  opening  and  the  other  I 

through  the  large.     The  large  is  the  standard  candle^ and  the  small  one  I 

the  arc  light.    These  can  be  thrown  at  a  distance  of  a  metre  from  the  I 

screen  ;  both  lights  are  at  the  same  distance^  and  therefore  the  angular  I 

value  is  the  same ;  it  gives  a  direct  measure  of  the  intensity  of  the  j 

two  lights.    Then  comes  the  question  of  the  hetero-chromatic  trouble.  I 

In  this  disk  when  it  is  fully  opened  there  is  50  per  cent  of  obscuration.  I 

This  light  shows  a  penumbra,  and  the  penumbra  increases  in  propor-  I 

lion  to  the  luminosity*     If  we  take  an  arc  light — that  is,  2,000  candles —  I 

then  a  slit  would  be  opened  g^u,  and  this  slit  would  represent  1*999  I 
divisions.     Therefore   we    get  on    the    scale    this    indication.      The 
divisions  are  numbered,  and  read  from  right  to  left  and  left  to  right. 
We  then  have  the  inde.x  pointing  to  itgt^)  on  the  one  reading,   and 

one  division  on  the  other.     It  is  a  direct-reading  photometer,  and  can  1 

be  tised  in  a  very  small  space.     As  to  the  hetero-chromatic  effecti  having  I 

a  minimum  of  50  per  cent  penumbrai  any  slight  variation  in  colour,  pink  I 

or  green  lights  for  instance^  that  slight   amount  of  tint  which  is  very  I 
sensitive  to  the  eye  and  so  fallacious  when  seen  on  a  Bunsen  screen, 

is  entirely  obliterated    by   the    penumbra    obscuration   of   the   disk.  I 
I  can  compare  it  in  this  w*ay.     Supposing  we  take  two  tumblers  of 
water,  one  with  a  little  green  paint  in  it  and  the  other  a  little  pink 
paint     The  contrast  betw^een  those  tw^o  is  very  great.     Put  a  little 
Indian  ink  into  both  the  tumblers  and  you  cannot  tell  which  is  the  pink 

tumbler  and  which  is  the  green  tumbler*     So  this  penumbra  of  the  ] 
disk  gets  over  the  difftculty  of  the  hetero- chromatic  effect 

Mr.  L,  G ASTER  :  I  think  that  Professor  Fleming  is  to  be  congratu-   Ur.  GM 

bled  on  bringing  such  a  valuable  paper  before  us.     Regarding  the  1 
10-candle-power  pentane  standard,  I  should  be  very  much  obliged  if  Mr, 

Vernon  Harcourt  would  give  us  some  information  as  to  the  price  of  I 

pentane  and  the  price  of  the  lamp,  because  that  might  have  an  influence  | 

upon  some  of  the  people  who  wish  to  use  the  lamp  for  IVmt  ^\\o\jCi-  J 
mebie  work.     The  ^myl'^cctate  Jamp  is  very  cheap  whctea^  to^  otm^  ^H 
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.  Gaster.  [^  rather  more  expensive.  From  what  I  have  been  given  to  under- 
stand, when  once  the  lamp  is  adjusted  it  works  very  well,  but  I  should 
like  to  know  whether  there  are  any  difficulties  in  manufacturing  the 
lamps  so  as  to  make  them  to  agree  sufficiently  with  one  another  to 
serve  as  reliable  standards.  In  order  to  avoid  any  doubts  on  the 
accuracy  of  each  standard  I  would  venture  to  suggest  that  every  lamp 
sold  should  be  first  tested  at  the  National  Physical  Laboratory,  and 
each  lamp  should  be  accompanied  with  a  certificate  of  approval,  after 
having  been  compared  with  a  recognised  standard  of  light. 

Professor  Fleming  deserves  our  thanks  for  his  important  researches 
on  the  use  of  the  incandescent  lamp  as  a  standard.  This  form  of 
standard  promises  to  be  largely  used  because  it  is  much  easier  to  keep 
the  lamp  under  the  prescribed  conditions  so  as  to  yield  the  standard 
unit  of  light,  if  the  lamp  has  once  been  tested  against  an  admitted 
standard. 

Professor  Fleming  has  suggested  that  every  lampmaker  should 
supply  with  his  manufactured  lamps  the  polar  curve  of  their  luminous 
intensity ;  but  I  must  point  out  that  not  all  manufacturers  supply  also 
the  carbons  for  their  lamps,  and  as  improvements  are  constantly  being 
made  in  the  manufacture  of  carbons,  several  patents  have  only  recently 
been  taken  out  in  this  direction.  I  think  that  it  will  be  necessary  first  to 
settle  upon  a  standard  carbon  with  which  the  tests  shall  be  carried  out, 
giving  the  dimensions  of  the  carbons  and  the  current  and  voltages 
used,  as  all  these  conditions  contribute  to  affect  the  results  obtained. 

Regarding  the  question  of  photometers,  I  see  that  Professor  Fleming 
mentions  also  Blondel's  photometer,  and  Mr.  Blondel's  work  in  this 
direction  is  well  appreciated,  but  I  wish  to  add  that  if  the  Professor 
would  have  continued  his  valuable  researches  a  little  further  than 
1896  he  would  have  come  upon  a  very  interesting  improvement  on 
Blondel's    photometer,   described    by   Prof.   C.   P.   Matthews    at   tlio 
meeting  of  the  American  Institute  of  Electrical  Engineers  on  Septem- 
ber 27,  1901.     [See  Science  Abstracts,  No.  623  of  1902,  and  1478  of 
1902.]     With  the  aid  of  this  photometer  you  can  practically  get  in  one 
reading  an  illumination  upon  the  photometer  screen  proportional   to 
the  mean  spherical  intensity  of  the  source,  which  may  be  an  open  or 
enclosed    arc    lamp,    simplifying    the    process    of    photometry  very 
considerably. 

With  regard  to  the  units  suggested  by  the  author  I  quite  agree  v/ith  . 
nearly  all  the  remarks  he  has  made.  In  using  as  basis  10  and  the  J 
metre,  he  brings  us  nearer  to  the  Continental  countries,  and  I  hope 
before  long  that  the  metric  system  will  be  used  extensively  also  in  this 
country.  Considering  the  difficulties  to  which  the  Professor  alluded 
in  the  selection  of  an  international  standard  of  light,  it  is  a  great  pity 
that  the  question  of  nationality  should  be  involved  ;  if  science  is  to  be 
worthy  of  the  name  it  should  not  recognise  any  such  boundaries,  and 
if  a  good  standard  has  been  worked  out  in  one  country  and  is  the  best 
existing,  it  ought  to  be  adopted  all  over  the  world  and  no  national 
feeliftgs  should  interfere  with  its  adoption.  The  lo-candle-power 
pentane  lamp  of  Mr.  Harcourt,  the  incandescent  lamp  described  by  the 
Professor,  and  the  achievements  mt\v  tVv^  \\^!Cvcvvvcx  ^V-M^tocd  ought  to 
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carefully  studied  by  llio^e  interested  in  tlie  matter  i=o  that  at  the  ^t^.  Gastcf 
next  International  Congress  of  Electrical  Engineers  there  should  be 
ample  material  brought  before  the  meeting  so  as  to  come  to  a  better 
understanding  regarding  the  adoption  of  one  international  standard  o£ 
light,  to  the  benefit  of  all  parties  concerned— professors,  manufacturers, 
and  consumers*  From  my  personal  experience  in  testing  incandescent 
lamps,  I  cat!  corroborate  Professor  Fleming's  remarks  rcgai'ding  the 
great  discrepancy  prevailing  in  marking  the  lamps  to-day.  I  most 
heartily  thank  Professor  Fleniing  for  his  work  as  one  interested  in 
photometry  work  generally^  and  particularly  in  the  manufacture  of 
carbons. 

Mr.  H.  K.  MoUL  :  Any  remarks  that  I  may  make  are  intended  to    Mr.  Muui 
apply  only  to  the  commercial  and  not  the  seientilic  yide  of  incandescent 
lamp  photometry.     I  am  not  open  to  make  any  predictions  with  regard 
to  the  scientiltc  side,  but  it  seems  to  me  that  as  engineers  w^e  have  a 
great  interest  in  it,  and  1  think,  here  at  all  events  in  England,  w*e  do  very 
little  with  it.    Dr.   FiemiJig  opens  his    paper  by  pointing  out    the 
differences  in  tests  by  different  observers,  at   different  times,  and  I 
suggest  that  a  standard  for  instruments  is  almost  as  essential   as  a 
standard  of  light,     Praetically  it  comes  to  this  :  no  photometric  results 
arc  really  comparable  when  taken  by  different  observers  with  different 
instruments.     These  accuracies  of  ^  per  cent,  and  i  per  cent,  do  not 
then  occur  in  practice-     It  seems  to  me  that  if  comparative  tests  are  to 
be  made  at  different  places,  one  in  Germany  and  one  in  England  and 
so  on,  one  must  adopt  a  standard  class  of  photometer  for  this  purpose, 
just  as  much  as  a  standard  somce  of  hght.     Experience  shows  that  it  is 
only  by  using  similar  instruments  that  different  tests  have  been  made  to 
come  within  ^  per  cent,  of  each  other.    As  regards  the  actual  photo- 
meter head,  any  one  who  has  worked  with  a  Lummer-Brodhun  will 
never  go  back  to  the  old  grease-spot  photometer^  but  the  Lummer- 
Brodhun  instrument  is  now  being  superseded  by  the  Kriiss  type  with 
straight  telescope  and  contrast  field.    As  engineers,  w^c  are  not  interested 
^  much  in  what   is   to   be   the  actual   light  standard  as  in  getting  a 
standard  at  all ;  we  cannot  in  actual  commercial  work  refer  any  readings 
we  take  to  a  standard  over  here.    There  is  none,  and  the  net  result  of 
tills  is  that  lamp -makers  supply  what  they  think  is  a  good  thing,  and  the 
central -station  engineers  say  it  is  a  bad  thing,  and  really  neither  party 
knows  what  they  arc  talking  about.     If  they  think  they  know  it  they 
bave  no  standard  for  reference  and  no  place  from  which  to  obtain  any 
legal  decision  on  the  question »    While  this  battle  of  the  standards  is  going 
*Jti  we  ought  to  have  one  class  of  standard  to  which  readings  can  be 
correlated,  even  if  something  else  should  be  adopted  afterwards.     Un- 
bis  every  central-station  engineer  is  going  to  set  up  his  own  standard, 
h^  wants  some  calibrated  instrument  other  than  w^hat  we  have  seen 
here;  standardised  lamps  are  the  right  thing  for  this  purpose.    On  the 
Continent  you  can  get  them  in  big  bulbs  and  certified  by  the  Reichsan- 
slalt  at  a  cost  of  half-a-crown  each,  with  the  position  marked  in  which 
ibcy  have  been  standardised,  and  you  know  that  they  are  sufficiently 
accurate  for  commercial  purposes. 

The  use  of  poteatiometei  s  in  very  pretty  iu  theory  m  the  laboi.dot'^ , 
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Moui.  bill  how  they  will  turn  out  in  the  ordinary  course  of  everyday  work  I 
do  not  know.  When  stations  supply  lamps,  which  will  in  the  future  be 
I  lie  case,  and  5.000  lamps  are  daily  put  through  the  photometer-room, 
wliat  will  be  the  btate  of  the  potentiometer  then  ?  In  practical  work, 
to  put  that  quantity  through  a  photometer-room,  DArsonval  reflecting  f 
i^alvanometers  answer  every  requirement. 

Dr.  Fleming  has  sliown  a  diagram  of  this  balancing  means  of  photo-  I 
nietry.  It  is  not  cited  in  tlie  references,  but  practically  that  is  the  * 
Slrecker  type  of  photometer  which  was  illustrated  and  described  in  I 
Germany  in  iSiW  {Sirakir  Hiiltsbiuh,  1888,  p.  267),  and  is  now  adopted  ? 
by  the  German  Institution  of  Electrical  Engineers,  only  in  this  case  the  -■ 
mirror>  liave  been  left  out.  Behind  the  Limp  under  test  there  are  two 
miiTors.  live  inches  >quare,  at  an  angle  of  120°,  and  the  apex  of  these 
is  placed  at  tlie  zero  of  the  bar. 

Dr.  Fleming  has  made  one  statement  with  regard  to  lamp  manufac- 
ture which  I  venture  to  contradict.     He  says  that  lamps  blacken  less 
the  worse  the  vacuum.    That  may  be,  but  it  does  not  mean  that  if  you 
get  a  lamp  that  does  not  blacken,  the  vacuum  is  bad.    Possibly  this  was 
tlie  case  with  the  antiquated  methods  of  pumping  which  are  gradually 
being  eliminated  here,  but  in  standard  practice  it  does  not  apply.    I 
have  laid  on  the  table  the  report  and  the  lamps  of  a  life-test  at  2*5  watts 
per  candle  (Harcourt  Pentane  Unit)  by  the  Reichsanstalt  in  Berlin 
in  which  blackening  was  not  noticeable  in  the  lamps  tested.    I  have 
done  this  to  show  also  the  conveniences  that  a  manufacturer  has  over 
there  in  regard  to  this  class  of  work.    There  are  seven  lamps  on  the 
table  which  have  been  tested  at  the  Reichsanstalt,  and  each  lamp  is 
marked  with  the  (Government  mark,  and  there  is  the  legal  certificate 
in  connection  with  it.      If  there  is  any  dispute  here,  one  side  calls 
in  an  expert,  and  the  other  side,  if  it  can  afford  it,  calls  in  three,  and 
they  each  fight  it  out,  and  we  are  none  the  better  for  it,  but  are  left 
with  a  big  bill  to  pay.    We  have  a  Reichsanstalt  here,  and  we  are 
still  a  long  way  off  a  standard ;  in  the  meantime  we  are  being  used 
as   a   dumping-ground    for   every    bad    lamp    manufactured    abroad 
simply  because   the  foreigner  knows  that   we  have  not  a  standard, 
whereas  they  have,  and  so  cannot  sell  such  lamps  at  home.     It  is  time 
we  did  have  a  standard  ;  the  Reichsanstalt  here  ought  to  give  us  just 
as  much  as  we  can  get  over  there  ;  we  want  a  standard  and  lamps 
calibrated  in  terms  of  the  standard  selected.     If  we  could  get  these 
lamps  they  would  give  us  a  means  of  checking  our  supplies,  and  if  then 
there  is  dispute  between  maker  and  customer,  we  have  our  Reichsan- 
stalt to  refer  to ;  equally  it   ought  to  be  possible  for  our  Anstalt  to 
authorise  some  of  our  other  laboratories  such  as  Owens  College,  Uni- 
versity College,  and  others  to  undertake  work  of  this  description  and 
give  certificates  equally  valid  with  those  of  the  Physical  Laboratory. 
This  power  to  test  to  Imperial  standards  and  issue  legal  certificates 
concerning  the  tests  has  been  delegated  with   the  happiest  results  to 
several    of    the  leading  University  laboratories  in  Germany  by  their 
Reichsanstalt. 
2/.  Prof.  W.  E.  Ayrtox  :  We  must  congratulate  Dr.  Fleming  on  having 

^/vcn  us  a  most  interesting  paper  ou  a  mo^\.  \TA.^\^s\i\Ti^  %>aW\^cV,    Ue 
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commences  by  pointing  out  what  is  most  true — what  the  President 
pointed  out  in  his  inaugural  address^viz.^  tliat  while  centra!  station 
engineers  devote  a  gre^t  deal  of  attention  to  the  efficiency  of  their 
boilers,  engines,  and  dynamos,  and  are  aghast  at  an  extra  loss  of  i  per 
cent  in  the  generating  plant,  they  seem  to  bc^  if  1  niay  say  so^  a  little 
oblivious  of  the  fact  that  in  this  cityj  at  any  rate  at  the  present  time,  the 
main  use  of  the  electric  current  is  to  supply  light,  and  therefore  the 
glow-lamp  is  just  as  important  as  the  boiler^  or  the  dynamo  or  the  steam 
engine.  American  electric  lii^lit  companies  so  thoroughly  appreciate 
this  that  they,  as  you  probably  all  knovi%  insist  on  supplying  lamps, 
and  would  almost  prefer  to  i';W  lamps  than  to  leave  the  consmiier  to  buy 
inferior  ones-  If  you  want  to  sec  what  has  been  done  in  America  in 
the  testing  of  lanipSj  I  would  refer  you  to  an  ainiost  extraordinary  report 
of  tests  that  has  been  carried  out  by  the  Standard  Oil  Company  of 
America,  who  wanted  to  lind  out,  not  only  in  a  technical  way,  in  a 
scientific  way,  but  a  commercial  way — which  is  scientific,  of  course— 
what  qualities  of  lamps  could  be  obtained  in  the  United  States.  !  will 
not  go  into  the  report  which  has  been  issued  by  the  General  Electric 
Company  of  America  under  the  title  '*  Agents'  Handbook  of  Lamp 
Tests/'  but  I  may  tetl  you  that  it  was  most  interesting  to  me^  and  I  am 
^^  sure  it  will  be  to  you  when  you  read  it,  to  fmd  that  a  commercial  company 
^■like  the  Standard  Oil  Company  had  carried  out  such  an  excellent  piece 
^Hcif  work. 

^H       Dr.  Fleming  draws  attention  to  the  vagueness  in  the  testing  of 

^" lamps,     I  have  referred  to  that  on  previous  occasions  in  pubhc,  and 

when    I    have   done   so   it   has,   I    fear,  been   considered   that    I   was 

exaggerating.     He  speaks  about  a  difference  of   25  per  cent,     I  will 

give    yon    an    instance,   because   it    happens  to  deal   specially  with 

photometry,  that  occurred  about  a  year  ago,  w^iere  the  difference  in  the 

^^ results  of  the  light  tests  was  more  like  '^2  P*^^  cent. 

^V      A  certain  hrm  in  this  country^  which  makes  lamps  sent  me  some 

^■16-candle  pov;er  lamps  to  test.    These  were  not  lamps  bought  in  the 

open  market ;  they  were  not  lamps  chosen  by  me  at  random  from  the 

maker's  stock,  but  they  wxtc  presumably  selected  lamps,  because  they 

were  sent  to  me  by  the  makers.     My  report  of  such  lampSj  no  doubt, 

might  have  been  too  favourable  to  the  makers,  but  you  could  hardly 

have  expected  the  rever^je.     Yet  when  1  tested  the  lamps  I  found  that 

instead  of  getting  16  c^andles^they  were  life  tests^  of  course— the  life 

curve  of  some  of   these  lamps  never  showed  mure  than  loH  candles 

during  the  600  hours'  run ;  the  average  candle- power  was  7*85,  with 

average  inefficiency  of  5*6  watts  per  candle.     That  was  the  class  of 

i       lamp  sent  ni8  a  year  ago   by  the   makers   themselves.     Xow  this  is 

I       what  they  wrote  me  when  I  sent  them  the  report  :  '*  We  express  our 

I       disappointment  at  the  results.     The  curious  facts  about  these  tests  is, 

I       that  tw^o  ottier  tests  were  made  at  the  same  lime  upon  the  same  batch 

fc     of  lamps,  independent  of  your  own  tests  here  on  the  two  mentioned, 

^K  and  each  gives  the  candle-power  of  the  lamps  at  16  candles;"     So  that, 

^V  as  there  were  tliree  tests  against  me,  it  seemed  rather  a  staggerer*     Of 

W      course  1   examined   the   measming   instruments    most  carefully — -the 

^^   iunmeter,  the  voltmeter,  and  particnlarlyi  of   course ,  \.\\e  ^V'axiA'i^sA  oA 
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Prof.  light.      I  was    using   then,  and    still    use,  among   other    standards, 

Ayrton.  ^1^^   Dibdin  lo-candle  standard— a  standard  not  referred  to  by  Dr. 

Fleming  in  his  paper,  but  which  was  reported  on  so  highly  by  the 
Committee  of  the  Board  of  Trade  in  1895.  That  Committee  went  so 
far  as  to  s;iy  :  "  We  therefore  recommend  that  a  pentane-air  flame, 
furnished  with  a  Dibdin-argand  burner,  having  the  form  and  dimen- 
sions set  forth  in  the  Appendix  (Section  IX.)  and  used  in  the  manner 
there  defined,  be  accepted  as  giving  the  light  of  10  standard  candles, 
and  that  tliis  flame  be  authorised  and  prescribed  for  official  use  in  testing 
tlie  illuminating  power  of  the  gas  supplied  by  the  London  Gas  Com- 
panies." Tiiat  was  the  recommendation  in  1895,  and  I  used  such  a 
standard.  Mr.  Dibdin  was  kind  enough  to  test  my  specimen  of  this 
standard  against  the  actual  specimen  which  had  been  examined  by  the 
Board  of  Trade  Committee,  and  still  we  could  find  no  error  in  our  tests 
of  the  glow-lamps.  I  therefore  reported  to  this  particular  company  that 
what  I  sent  was  my  final  result,  and  that  in  spite  of  the  three  indepen- 
dent tests  giving  results  differing  from  my  own,  the  lamps  did  not  give 
16  candles,  but  some  of  them  never  gave  more  than  io'8  candles  at  the 
specified  pressure  at  any  period  of  the  test.  I  then  asked  them  would 
they  give  me  the  names  of  the  persons,  whom  they  thought  most 
trustworthy,  who  had  tested  the  lamps,  and  I  would  endeavour  to 
run  the  matter  home  and  find  out  the  real  cause  of  the  discrepancy. 
They  did  so,  and  I  found  certain  errors  in  the  ammeters  and  volt- 
meters. I  will  not  go  into  that  question  now,  because  it  is  purely 
an  electrical  question,  although  it  was  necessarily  concerned  with  the 
photometry  of  the  lamps.  I  will  deal  now  with  the  photometric 
part  alone,  especially  as  it  concerns  a  point  not  referred  to  by  Dr. 
Fleming. 

The  standard  of  light  employed  by  these  persons  was  the  Harcourt 
pcntane  lamp,  but  not,  however,  the  more  recent  pentane  standard. 
The  present  forms  of  the  i -candle  and  of  the  lo-candle  standards  have 
no  wick,  but  in  the  old  days  the  i -candle  standard  Harcourt  pentane 
lamp  had  a  wick,  and  I  found  that  a  great  deal  depended  on  the  way  in 
which  the  wick  was  treated.  Messrs.  Woodhouse  &  Rawson,  the  makers, 
when  they  sent  out  this  pentane  lamp  in  1890,  issued  certain  printed 
directions  regarding  the  mode  of  using  the  Harcourt  pentane  lamp,  but 
the  directions  were  not  sufficient,  because  I  found  that  by  not  paying 
proper  attention  to  certain  precautions  not  clearly  mentioned  in  these 
directions  you  could  get  a  difference  in  the  light  given  by  the  lamp. 
The  difference  between  my  estimation  of  the  light  given  by  the  glow- 
lamps  and  the  result  given  by  the  other  experimenters  was  about  33  per 
cent.,  i.e.,  108  candles  as  compared  with  16  candles,  which  is  about 
33  per  cent.,  and  I  found  that  a  portion  of  this  difference  was  due  to 
the  light  given  out  by  the  Harcourt  pentane  standard  lamp  as  used  by 
the  firm  of  testers  in  question  being  less  than  the  light  given  out  by  the 
similar  Harcourt  pentane  standard  lamp  in  my  laboratory.  In  the 
instructions  one  is  told  to  light  the  lamp  by  inserting  a  piece  of  cotton- 
wool dipped  into  spirits  between  the  outer  cylinder  and  the  burner. 
The  piece  of  cotton-wool  cannot  easily  be  inserted  from  below  even  if 
one  were  told  to  do  so,  but  as  one  is  \\o\.,  owvi  waXwY^s^V^  txve^  to  light  the 
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laoip  by  mserting  it  from  above,  which  it  is  easy  to  do.  But  the  lamp  PnA- 
will  not  light  this  way  for  some  time,  so  that  any  ordinary  person  who 
has  perhaps  used  paraffin  oil  lamps  alJ  his  Ufe  natarally  turns  up  the 
\sick  ;  still  tJie  lamp  does  not  Hght,  so  he  turns  the  wick  up  more  until 
the  wick  protrudes  from  the  burner,  until  perhaps  the  wick  is  turned 
up  so  much  that  the  top  becomes  visible  when  the  lamp  is  looked  at 
horizontalh- ■  But  that  is  iiU  wrung,  if  the  poor  u^er  only  knew  il|  for 
then  the  top  of  the  wick  i^  liable  to  char. 

Now  what  the  user  ought  to  be  told  is  this  :  Fir^jt  insert  the  piece  of 
lighted  cot  ton- wool  between  the  outer  lube  and  the  burner  mo  51 
tJKLOW ;  do  not  turn  up  the  wick  even  if  the  lamp  does  not  lightp  but 
leave  the  w^ck  exactly  as  it  was  when  the  lamp  was  Jast  used,  and 
always  not  only  start  the  ignition  but  Ciiuse  the  flame  to  mount  until  its 
tip  is  visible  in  tlic  slot  by  simply  warming  the  outer  tube  with  a  spirit 
lamp.  Prof,  Vernon  Harcourt  has  been  so  kind  as  to  give  my  assistants 
and  myself  a  personal  demonstration  in  uiy  laboratory  of  liow  to  use 
this  pentane  lamp,  but  for  the  benefit  of  those  who  have  not  had  this 
advantage  I  mention  all  this  to  avoid  their  m:iking  the  nn,stakes  into 
which  this  firm  of  testers  unintentionally  fell  when  they  brought  out  that 
the  light  of  the  glow-lamps  were  r6-candle  ones,  while  we  proved  that 
some  of  them  never  gave  more  than  io*8  candles  at  any  time  at  the 
specilied  voltage. 

But  there  arc  other  sources  of  error  in  the  instructions  issued  with 
these  wick  pentane  standard  lamps,  for  one  is  told  therein  that  the 
flame  should  be  adjusted  so  that  the  tip  is  visible  between  the  upper 
and  lower  cdgi^^s  of  the  slot :  wliereas,  as  far  back  as  1895,  my  students 
pointed  out  to  me  as  the  result  of  their  tests  that  the  Harcourt  pentane 
standard  lamp  gave  nearly  4  per  cent,  more  light  when  the  wick  w^as 
turned  up  so  that  the  tip  of  the  flame  was  at  the  middle  of  the  blot 
than  it  did  when  the  tip  of  the  flame  appeared  just  above  the  bottom 
of  the  ^lot. 

Lastly  I  there  are  differences  between  the  amount  of  light  emitted  by 
different  specimens  of  these  larapii  even  altliough  the  lamps  generally 
appear  to  be  of  the  same  form,  and  pentanCj  obtained  from  Messrs. 
Miller,  of  Oxford,  is  taken  from  the  same  can  to  fill  the  glass  reservoirs 
of  the  two  lamps  up  to  the  same  leveL     Mr,  RobertsoUj  of  glow-lamp 
reputation,  has  kindly  lent  me  his  specimen  of  the  Harcourt  pentane 
standard  lampj  and  many  comparisons  have  been  made  between  his 
lamp  and  our  own  by  Messrs.  McEwen  and  Dow,  two  of  the  assistants 
4t  the  Central  Technical  Coflegej  with  the  following  results— the  lamps 
heing  called  respectively  the  *'  Robertson"  and  the  "C,T,C./'  although, 
(if  Course,  neither  Mr.  Robertson  nor  the  Central  Technical  College 
are  responsible  for  the  construction  of  these  two  lamps.     It  should 
be  mentioned  for  those  who  are  not  familiar  with  this  type  of  lamp, 
tluit  two  cylindrical  metal  blocks  are  supplied,  with  each  hunp,  marked 
respectively  1  and  i  5,  and  it  is  supposed  that  when  the  aperture  for      ^i 
the  emission  of  the  hght  is  carefully  adjusted  with  one  or  other  of  these     ^H 
blocks  or  distance  pieces,  and  the  wick  lighted  in  the  proper  way  and     ^H 
Ibc  other  precautions  adopted,  that  the  lamp  becomes  a  one  or  a  one-     ^M 
autlni'half  candle  sUnclard  respccUvely.  ^H 
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Well,  these  were  the  results  experimentally  obtained  : — 


Robertson 

C.T.C.  I  candle 


II. 


Robertson 
Robertson 


even  when  the  same  block  (viz.,  the 
candle  _    ,  ^     Robettson  i)  is  used  to  adjust  6c?/// 
'*  -^    lamps  and  the  flame  is  adjusted  to 

the  centre  of  the  slot  in  each  case. 


when  the  Robertson  ij  and  i  blocks 
are  successively  used  in  the  Robert- 
son lamp  itself  2ind  the  candle-power 
compared  with  another  standard  of 
fixed,  but  not  necessarily  known, 
value.  Flame  in  Robertson  lamp 
kept  adjusted  to  centre  in  both 
comparisons. 


!  candle  _ 
candle  ** 


III. 


C.f:c.  icandle  ""  ^'^^ 


IV. 


V. 


C.T.C.  li  candle 
C.T.C.  I  candle 


=  1*51 


when  the  Robertson  i^  and  i  blocks 
are  successively  used  in  the  C.T.C. 
lamp  itself  and  the  candle-power 
compared  with  another  standard  of 
light  of  fixed,  but  not  necessaril)' 
known,  value.  Flame  in  C.T.C. 
lamp  kept  adjusted  to  centre  in 
both  comparisons. 

when  the  above  experiment,  No. 
III.,  is  carried  out  with  the  C.T£. 
lamp,  but  when  the  C.T.C.  i^  and  i 
blocks  are  used  instead  of  the  two 
Robertson  blocks,  etc. 


Robertson  i  candle,  Robertson  block  used 
Robertson  i  candle,  C.T.C.  block  used 


=  I -035 


Hence,  combining  the  above  results,  it  follows  that  if  you  test  the 
light  of,  say,  a  glow-lamp,  using  the  Robertson  pentane  lamp  with  the 
Robertson  i  candle-power  block,  and  with  the  tip  of  the  flame  at 
the  centre  of  the  slot,  next  test  the  same  light  with  the  C.T.C.  pentane 
lamp,  using  the  C.T.C.  i  candle-power  block  but  with  the  tip  of  the 
flame  at  the  bottom  of  the  slot,  you  will  obtain  about  5  +  3*5  +  4,  or 
about  12*5  per  cent,  difference  in  the  estimation  of  the  light  of  the 
glow-lamp. 

Some  tests  subsequently  made  through  the  kindness  of  Prof.  Vernon 
Harcourt  and  under  his  superintendence,  at  the  testing-room  of  the 
Gas  Referees  in  Victoria  Street,  show  that  if  these  two  lamps  respec- 
tively be  used,  each  with  its  own  i  candle-power  block,  as  supplied  by 
the  makers,  and  the  tips  of  the  flames  be  adjusted  as  described  above, 
the  estimation  of  the  light  of  a  glow-lamp,  say,  will  differ  by  the  amount 
already  mentioned,  that  is  about  12*5  per  cent.,  although  the  second  set  of 
tests  divides  this  error  somewhat  differently  among  the  different  causes. 

In  Professor  Vernon  Harcourt's  patent  specification  No.  11,985,  of 
iS8y,  the  dimensions  of  each  of  sevetvtceti  v^t\s>  ol  VVa^  I'^^e  of  lamp  are 
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given.   On  having  measurements  made  of  these  parts  in  three  specimens  i*foi 
of  this  lamp,  which  are  at  present  in  my  laboratoryi  I  find  that  all  three 
lamps  differ  from  one  another,  and  that  no  one  of  the  three  has  exactly 
the  dimensions  given  in  the  patent  speciiication. 

Of  course  these  variations  are  due  noi  to  faulty  design  on  the  part  of 
the  inventor,  but  to  errors  in  mechanicai  construction  of  these  pcntane 
standard  lamps  and  to  imperfections  in  the  prijited  instructions  for 
using  them  which  have  been  sent  out  by  the  makers. 

Further  there  is  one  other  difficulty  we  always  have  to  deal  Awith, 
which  has  been  raised  by  the  last  speaker.  What  do  wc  mean  by  a 
candle  ?  Some  people  insist  on  saying  that  they  mean  by  a  candle  a 
candle  which  is  made  in  Germany^  as  most  things  are  now  made  in 
Germany,  Dr.  Fleming  shows  you  what  great  differences  have  beeji 
found  in  the  comparisons  between  the  amyl  acetate  standards  and  the 
British  standards^  and  he  puts  down  those  differences  to  the  method  of 
testing.  I  go  fvirther  than  that*  I  venture  to  think  that  the  amy!  acetate 
standards  that  have  come  over  to  this  countryj  and  which  have  come 
into  the  laboratories^  differ  a  good  deal  one  from  the  others  So  it  is 
not  m^erely  a  difference  in  the  method  of  testings  hut  the  candle  made 
in  Germany  is  not  always  the  same  candle.  Mr.  Moul  said  that  anybody 
who  had  used  the  Lummer-Brodhun  photometer  would  never  go  back 
to  anything  else.  I  was  talking  about  that  only  this  week  to  the 
authority  0[i  photometry  who  spoke  on  the  previous  occasion^  Sir 
William  Abney.  He  said  his  opinion  was  quite  the  contrru'y.  He 
frequently  has  men  come  into  his  laboratory  to  work  who  come  with 
a  predilection  in  favour  of  the  Lummer-Brodhun  photometer,  but  they 
almost  invariably  before  they  leave  him  go  back  to  the  old  Rumford 
photometer.  What  is  the  exiormous  value  of  the  Rumford  photometer  ? 
It  is  that  it  is  not  made  erroneous  by  stray  hght.  A  great  many  errors 
are  introduced  into  photometric  work  by  stray  light j  and  all  photo- 
meters which  have  light  coming  in  on  both  sides  arc  susceptible  to  this 
error.  Sir  William  Abney  says  that  he  considers  the  Rumford  photo- 
meter far  superior  to  the  Lummer-Brodhun,  or  any  photometer  in 
which  the  light  comes  in  on  the  two  sides.  1  have  had  brought  here 
for  a  variety  of  reasons  a  photometer  which  a  colleague  and  myself 
made  nearly  twxnty-one  years  ago.  W^e  w^ere  put  in  a  great  difficulty 
Ai  the  Paris  Exhibition  of  r88i.  We  had  to  report  on  the  different 
types  of  lamps  in  the  Exhibition,  The  report  was  published  in  TIu 
En^itu'cr  newspaper  afterwards.  We  had  to  devise  a  portable  photo- 
meter for  the  purpose  J  because  the  lamps  were  in  all  paits  of  the 
.  ^  exhibition.  This  pholo meter  waSj  therefore,  devised  and  called  the 
^b  "Dispersion  Photometer."  i 

^H  (The  photometer  was  exhibited.) 

|H       It  has  one  thing  which  1  may  draw  attention  to^  because  from  w  hat 

f  W     Dr.  Fleming  has  said  the  importance  of  it  does  not  seem  to  be  appre- 

p  I      ciitted  even  now,  namely  the  45**  mirror.     He  pointed  out  thai  people 

.  I      still^and  it  shows  how  beautifully  conservative  our  country  is — make  a 

g^b   photometers*  wntii  a  mirror  turning  about  an  axis  in  the  plane  of  the 

^H  tmrrorlikc  an  ordinary  toilet-table  looking-glasii,    ^tbe  con^e^vv^wfie.  v=i^ 
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Prof.  that  the  amount  of  light  absorbed  varies  with  the  way  in  which  the 

Ayrion.  j.^j^^  ^^j^^^  ^^^^  .^  reflected.     Instead  of  turning  your  mirror  in  that 

fashion  you  ought  to  turn  it  about  an  axis  making  an  angle  of  45°  with 
its  plane,  for  then  the  light  always  falls  at  the  same  angle  on  the 
mirror,  and  always  leaves  at  the  same  angle,  and  the  proportion 
absorbed  is  constant.  The  use  of  this  45"  mirror  Dr.  Fleming  draws 
attention  to  in  connection  with  his  arc-lamp  arrangement,  on  page  146 
of  his  paper.  I  can  testify  that  that  arrangement  is  an  extremely  good 
one  for  getting  the  polar  curve  of  the  arc-lamp.  The  method,  as  he 
has  already  explained,  is  to  compare  the  light  given  off  by  the  arc 
in  any  direction  with  the  light  given  off  horizontally  by  the  same 
source.  I  happen  to  know  a  good  deal  about  the  apparatus,  because 
it  was  devised  and  constructed  by  an  assistant  I  had  several  years  ago, 
a  Mr.  Carter,  who,  like  many  other  of  my  men,  has  been  absorbed  by 
the  General  Electric  Company  of  America.  Mr.  Carter  later  on 
published  a  series  of  articles  in  the  Electrical  Review  on  Photometry, 
and  in  the  article  of  August  3,  1900,  he  gives  a  complete  account  of  the 
way  of  using  this  45"  mirror  to  accomplish  the  result  that  Dr.  Fleming 
has  achieved  on  p.  146  of  his  paper.  He  has,  in  fact,  practically  arrived 
at  the  same  arrangement,  so  that  you  can  compare  the  light  going  out 
from  the  arc  at  any  angle  with  the  light  sent  out  at  a  particular 
moment  horizontally.  Mr.  Carter's  work  is  also  the  more  interesting 
because  in  this  series  of  articles — there  are  five  or  six  of  them  pub- 
lished in  the  Electrical  Reinew  in  the  middle  of  1900 — he  used  the 
"distinctiveness"  photometer,  I  think  he  called  it.  This  is  one  of  the 
,  paraffin  blocks  he  employed.  I  daresay  you  all  know  the  Joly  paraffin 
block  photometer,  where  you  have  two  blocks  of  paraffin  wax  separated 
by  tinfoil.  There  is  nothing  new  in  that,  but  what  was  new  in  this 
photometer  was  the  ruling  of  the  photometer  screen  used  by  Mr. 
Carter,  the  arrangement  of  lines  getting  finer  and  finer,  only  in  this 
case  he  used  radial  lines.  But  Mr.  Carter,  in  spite  of  his  doing  most 
excellent  work  on  photometry  at  the  Central  Technical  College,  as 
published  in  the  Electrical  Review ,  I  think  made  the  same  mistake  that 
Dr.  Fleming  has  made.  In  using  the  "  distinctiveness  of  vision  photo- 
meter," you  are  not  measuring  the  brightness  of  light  at  all.  Sir 
WiUiam  Abney  said  a  word  or  two  about  this  on  the  last  occasion,  and 
I  want  to  emphasise  the  criticism  Sir  William  offered.  There  are 
many  things  that  are  interesting  in  connection  with  two  lights — how 
much  it  cost  to  produce  them,  what  you  pay  to  buy  the  lamps,  what  is 
their  relative  weight,  etc. — but  there  is  one  thing  which  is  particularly 
interesting,  their  relative  brightness,  and  that  is  what  the  photometer 
has  to  measure.  I  do  not  think  that  what  have  been  called  distinctness 
of  vision  photometers  are  photometers  at  all,  and  I  do  not  think  they 
have  anything  to  do  with  photometry.  A  photometer  is  used  for  the 
purpose  of  comparing  the  brightness  of  two  lights,  and  not  for  finding 
out  how  easily  you  can  see  something  or  other  in  either  of  the  lights, 
for  that  depends  on  something  totally  different  from  the  brightness  of 
the  lights.  Therefore  I  think  that  Mr.  Carter,  when  he  devised  that  " 
arrangement  described  here,  fell  into  the  same  mistake  that  Dr.  Fleming 
has  fallen  into. 
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I      Dr.  Fleming  takes  the  view  that  you  cannot  compare  two  different   Jjjf' 

■  coloured  li|;his.  There  again^  if  he  will  allow  me  to  say  so,  I  think  he 
mh^  fallen   into  a  very  big  error.     He  laughs  at  the  idea  of  u^ing 

■  coloured  glass.  You  remember  he  made  some  humorous  remarks  to 
uymi  on  the  lai^t  occasion^  and  obtained  the  laugh  of  the  audience^  but 
Itbal  little  joke  was  directed  at  me,  and  a^*  he  has  throw*n  down  the 
■gauntlet  I  am  quite  wilhng  to  take  it  up.  In  i\m  photometer  which 
■f^of.  Perry  and  I  used  at  the  Paris  Klcctnc:d  Kxhibilioii  of  1881,  we 
■had  attached  to  tt  a  frame  containing  rt:d  and  giecu  glass.  Dr, 
P Fleming  says  that  the  old  method  of  looking  at  the  photometer  screen 

through    red  and  green   glass  is   quite   unscientific.      How  is  it  un- 
scientific ?     He  would  not  say^  1  suppose,  that  spectro-pholometry  was 
unscientific.     Spectro- photometry  has  a  long  name  attached  to  it,  and 
as  I  know  to  my  cost,  you  have  to  buy  a  rather  expensive  instrument  if 
you  want  to  do  it  welL     But  what  does  spectro^photometi')*  do  ?     It 
simply  takes  a  bit  of  the  spectra  given  by  two  different  lights,  and 
compares  the  brightness  of  those  two  portions  of  the   two  spectra. 
What  does  this  frame  with  the  red  and  green  glass  in  it  do  but  that  ? 
Suppose  you  take  a  piece  of  what  b  technically  called  ruby-red  glass 
and  a  piece  of  signal  green  glass,  a'nd  supposing  you  take  the  precau- 
tioti,  as  we  used  to,  of  selecting  our  red  and  green  glass,  so  that  on 
putting  them  one  over  the  other  you  almost  have  blackness  when  a 
bright  light  is  looked  at,  then  you  first  make  v'our  photometer  balance 
With  the  red  glass  and  then  with  the  green  glass,  arc  you  not  really 
performing  spec tro- phot ome try  ?    So  far  from  thinking  it  unscientihcj 
I  think  it  is  most  useful*     But  you  may  say,  *'  How  can  two  lights  have 
a  totally  different  rat io^  being,  say,  3  to  i  and  also  2  to  1  ?"     Quite  easily 
— *why  not  ?    If  you  want  to  look  at  the  red  roses,  then  the  arc  bears  to 
lite  candle  a  certain  proportion  :  if  you  w^ant  to  look  at  the   green 
leaves  attached  to  the  red  roses,  then  it  bears  a  certain  totally  different 
proportion j  and  that  is  what  you  mean.     In  looking  at  the  red  flowers 
the  arc  is  so  many  times  as  good  as  the  candle  :  in  looking  at  the 
green  leaves  the  goodness  is  something  totally  different,     I  go  a  step 
forther*     Dr,  Fleming  referred  us  last  time  in  his  interesting  and  most 
instructive  paper — I  must  congratulate  him  on  the  way  in  which  he 
delivered  it,  I  envy  his  power  of  pulting  it  before  you — he  referred  to 
Purkinje*s    experiment.      He    had   a    Ritchie   w*edge,   illuminated   by 
a  glow-lamp  behind  a  piece  of  red  glass,  and  another  glow-lamp  with  a 
piece  of  green  glass  before  it,  and  he  told  you,  and  possibly  showed 
you   after  the  reading  of  his  paper,   that  if  you  put  the  wedge  so 
Uiat  the  two  lights  balanced,  that  is  the  brightness  appeared  to  be  the 
same,  and  then  if  you  doubled  the  distance  of  each  lamp  from  the 
wedge,  you  would  no  longer  get  the  balance,     It  is  simply  au  optical 
delusion  with  weak  lights,  and  the  phenomenon  does  not  exist  at  all 
with  ordinary  lights.     If  it  were  true  it  would  mean  that  colour  photo- 
graphy was  a  snare.     Is  it  or  is  it  not  a  fact  that  if  by  proper  means 
you  balance  a  red  hghl  against  a  green  light,  and  then  double  the 
distance  of  each  light  from  the  photometric  screen,  you  wiU  get  a 
balance  the  second  time?    J  can  assure  you  you  can.    Thete^ie^Vwo 
ways  in  which  j^ou  can  compare  them.     You  can  compate  ttie  Tt:d  a^A 
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Prof.  the  green  light  looking  through  green  glass  :  and  then  if  you  alter  the 

^  °"'  distance  you  will  find  the  inverse  square  law  holds.    If  you  compare 

them  with  the  red  glass,  you  will  find  again  that  the  inverse  square 
holds.  That  is,  if  one  is  three  times  the  other  at  one  distance,  it  will 
be  three  times  the  other  at  any  other  distance.  Let  me  go  further ; 
leave  the  glass  on  one  side.  It  is  quite  possible  to  compare  a  red  light 
with  a  blue  light  without  using  any  coloured  glass  at  all,  and  to  get 
marvellous  accuracy.  The  secret  was  given  by  Sir  William  Abney,  but 
it  is  so  absurdly  simple  that  I  want  again  to  impress  it  upon  you,  because 
the  result  is  wonderful.  Mr.  Medley,  in  a  paper  which  he  read,  with 
myself,  before  the  Physical  Society  in  1895,  described  how,  by  taking 
two  different  coloured  lights,  you  could  get  the  same  measurements 
over  and  over  again,  within  i  per  cent.,  without  any  coloured  glass  at 
all.  The  secret  is  this.  First,  you  oscillate  the  photometer  until  you 
get  the  best  balance  you  can,  then  you  oscillate  one  of  the  standards, 
one  person  oscillating  it  while  the  second  person  is  getting  a  final 
adjustment  of  the  photometer.  I  will  give  you  the  actual  results  we 
have  obtained,  and  they  will  show  you  the  sort  of  accuracy  with  which 
it  can  be  done.  We  compared  a  green  light  with  a  yellow  light.  The 
yellow  light  was  a  loo-volt  glow-lamp  underrun  at  83  volts  :  the  green 
light  a  100- volt  glow-lamp  overrun  at  107  volts,  green  gelatine  being 
in  front  of  the  latter.  They  were  first  put  at  140  centimetres  distance, 
and  the  measured  ratio  of  the  one  to  the  other,  when  properly  tested, 
was  I '5 1.  They  were  then  put  at  double  the  distance,  280  centimetres, 
and  the  measured  ratio  of  the  one  to  the  other  was  1*52,  almost 
exactly  the  same,  in  spite  of  Purkinje's  experiment.  Next  we  compared 
the  underrun  lamp  with  the  overrun  lamp  when  red  instead  of  green 
gelatine  was  put  in  front  of  the  latter,  that  is  we  compared  a  dullish 
yellow  with  a  bright  red  light,  and  the  result  obtained  at  the  140  centi- 
metres distance  between  the  lamps  agreed  even  still  more  closely  than 
before  with  that  obtained  when  they  were  separated  by  the  280  centi- 
metres. 

Hence  it  is  certain  that  whatever  may  be  found  with  very  dull 
lights — if  two  totally  differently  coloured  glow-lamps,  even  when  one 
is  underrun  and  the  other  overrun,  are  properly  compared,  the  same 
result  will  be  obtained  whether  they  are  at  140  centimetres  distance  or 
at  280  centimetres. 

Mr.  ^  ^^  Mr.  W.  H.  Patch  ELL  :  I  was  brought  into  this  matter  as  when 

considering  raising  our  pressure  to  200  volts,  I  was  constantly  met 
with  the  assertion  that  the  200-volt  lamp  was  not  so  good  as  the  100.  I 
looked  up  the  authorities,  particularly  those  mentioned  at  the  Board  of 
Trade  inquiry  about  a  couple  of  years  ago,  and  I  found,  like  the  two 
Professors  on  either  side  of  me,  that  they  practically  cancelled  out, — you 
could  believe  whichever  you  liked.  I  therefore  thought  the  only  thing  to 
do  was  to  go  into  the  subject  myself,  and  looked  round  for  a  photometer. 
I  only  wish  I  had  had  Dr.  Fleming's  paper  by  me  at  the  time,  because  it 
would  have  saved  me  much  trouble,  and  I  feel  we  are  greatly  indebted 
to  him  for  the  concise  way  in  which  he  has  placed  the  subject  before  us. 
Mr.  Edgcumbe  said  the  paper  was  a  little  disheartening.  So  it  is.  But  a 
great  many  other  things  are.    1  constawW^  g,e\.  QAicv3\^T%^'^\s\^that  if  I 
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■iise  soraebody':5  engine  I  can  save  25  per  cent,  of  my  steam  :  hy  using 
sombody  else's  oil  anolher  to  per  cent->  by  using  somebcM:!y  else's  waste 
aad  somebody  else  s  packing!^  1  can  save  30  per  cental  so  thut  jl  1  used 
everything  as  per  advertisement  I  might  be  actually  selling  coal  instead 
of  buying  it  t  Still  we  do  not  get  disheartened,  I  feel  w»e  must  be  thank- 
ful for  what  we  can  get,  and  go  on  with  the  photometers  that  the 
Professors  have  provided  us  i^ith.  After  looking  round  1  settled  on  the 
photomeler  which  Dr.  Fleming  menliojis  on  p.  123  of  his  paper,  made 
by  Wright  of  WestTOmster,  with  the  doiiblc  candle  standard*  It  is  the 
Pentanc  [standard*  which  I  certainly  prefer  to  the  Hefner  standard,  but 
I  had  leanings  tovt'ards  the  other  disk,  the  Lu miner- Brodh  11  n.  When  I 
found  I  could  not  get  a  sort  of  cross-bred  photometer,  I  took  Wright's 
as  I  found  it,  with  the  exception  that  I  insisted  on  having  a  scale 
calibrated  in  candle-power,  and  you  would  be  surprised  at  the  powers 
of  persuasion  that  w^ere  necessary  to  get  that  carried  through.  At  last 
we  succeeded,  and  then  we  began  our  measurements.  We  were  not  in 
the  happy  position  apparently  by  the  results  given,  that  Dr.  Fleming  is 
ill,  nor  did  1  say  that  I  wanted  lamps  for  testing,  and  as  I  was  not  a 
Professor  they  were  not  picked  and  sent  to  me.  I  had  them  sent  in 
batches  of  half  a  dos'.en,  B  and  16  c.p.  ;  100 and  200  volts.  On  p,  163  Dr, 
Fleming  refers  to  ^-candle  lamps  which  were  as  a  matter  of  fact  nearer 
to  lo-candle  at  30  w^atts.  I  wish  1  conld  get  them,  because  they  were 
absent  from  the  samples  I  had  sent  in.  We  found  that  in  samples 
tested  by  us  the  i6-caudle  loo-volt  lamp  had  an  average  candle-power 
of  1276,  and  an  average  inefliciency  of  48  watts,  while  for  200  volts  the 
candle-power  was  12  "80  and  the  watts  472.  The  8-candle  loo-volt  had 
an  average  candle-power  of  7*76,  and  an  efficiency  of  4 "24  watts,  while 
the  200-volt  lamps  gave  8  c.p*  for  an  a\'erage  4  20  watts.  Therefore  we 
did  not  get  the  30- watt  lamp  at  10  cajidies.  If  the  reading  of  this  paper 
will  stimulate  the  lamp  manufacturers  to  send  us  better  lamps,  we  shall 
be  thankful  to  them. 

Mr.    Albert  Campbell  :  The  amyl-acctate  lamp  has  been  rather 

disparaged  by  Dr-  Flemings  but  1  think  it  is  not  so  bad  as  he  makes  it* 

For  example,  the  colour  of  its  light  does  not  compare  very  unfavourably 

with  that  of  a  glow-lamp  that  has  run  more  than  half  its  normal  life, 

and  it  IS  important  to  test  glow-lamps  in  such  condition.     The  work 

done  by  the  German  Keichsanstaltt  using  the  Hefner  lamp  as  standard, 

seems  to  me  to  afford  the   best   proof  of   its  practicahihty*     I   have 

Icom pared,  with  the  greatest   care,  glow-lamps  tested  seven  or  eight 

[years  ago  at  the  Reichsanstalt  with  others  tested  there  quite  recently, 

and  in  all  cases  I  have  found  very  exact  agreement  between  the  actual 

I  relative   brightness  and   the  numbers  given  in   the   certificates,   the 

agreement  being  wtU  within  i  per  cent.     This  seems  fairly  conclusive 

evidence  that  the  amyl-acetate  lamp  can  be  worked  as  a  trustw^orthy 

standard. 

In  using  some  flame  standards  it   is  important  to  guard  against 
^  vibration.     For   instance,   in   Simmance's   wickless  pentane  lamp,  in 
which  the  flame  is  not  screened  in  any  w^ay,  I  have  noticed  that  vet^ 
slight  vibration  has  a  Jar^e  effect  on  the  height  of  the  ftanie  avid  w^ou 
the  candle-power. 
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Mr.  With  regard  to  Dr.  Fleming's  proposed  new  unit  of  candle-power, 

amp  e  ^^^  ^^^^  reasons  I  think  the  change  undesirable.  First,  from  the 
linguistic  point  of  view  it  is  wrong  to  take  as  the  name  of  a  new  unit 
any  common  word  which  has  already  a  clear  and  definite  meaning.  In 
the  second  place,  a  unit  should  be  of  such  a  size  that  the  quantities  in 
common  use  can  be  expressed  with  fair  accuracy  without  fractions. 
Thtis,  to  talk  of  "  5,  16,  or  55  candle-power "  seems  much  more  con- 
venient than  '^o^,  1*6,  or  5*5  lamps."  The  fact  that  for  ordinary  glow- 
lamp  testing  it  is  best  to  use  a  standani  of  10  or  20  candle-power  is  no 
reason  for  making  the  unit  of  similar  magnitude. 

Mr.  Laccy.  Mr.  T.  S.  Lacey  :  As  one  who  is  engaged  in  the  gas  industry  I 

should  like' to  make  a  few  remarks.  I  am  familiar  with  the  one-candle 
standard  of  Prof.  Vernon  Harcourt,  and  also  the  lo-candle  standard. 
I  think  it  is  hardly  correct  to  give  Mr.  Harcourt's  name  to  standards 
that  are  not  arranged  and  devised  by  him.  The  i-candle  standard  is 
well  known,  and  is  very  accurately  described,  and  also  the  lo-candle 
standard,  but  it  is  quite  possible  that  other  modifications  may  not  have 
the  same  light  value.  In  relation  to  the  question  of  flame  standards, 
they  give  a  light  varying  according  to  the  conditions  of  the  atmosphere, 
barometric  pressure,  and  so  forth,  but  gas  engineers  are  not  concerned 
with  this  variation,  provided  that  the  standard  varies  in  the  same 
proportion  as  the  light  which  they  have  to  supply  and  with  which  it 
is  compared,  but  it  does  not ;  and  that  involves  certain  difficulties. 
Small  flame  units  (especially  those  of  a  feeble  and  flickering  character, 
like  the  i -candle,  and,  I  should  imagine,  the  Hefner  standard)  will  be 
found  to  be  more  subject  to  atmospheric  contamination  and  differences 
of  water  vapour  than  the  larger  ones.  The  lo-candle  standard  is 
certainly  less  affected  by  carbonic  acid  and  water  vapour  than  are 
sperm  candles,  and  the  Argand  burner  is  less  affected  than  the 
Harcourt  standard.  Until  we  have  some  determinations  of  the 
behaviour  of  these  standards,  under  different  conditions  of  atmosphere, 
it  would  be  unwise  to  pledge  ourselves  to  the  use  of  small  standards. 
The  Dibdin  pcntane  standard  is  a  convenient  one  to  use,  but  I  think 
attention  has  been  drawn  to  the  difficulty  of  the  chimney  ;  if  you  break 
it,  you  break  your  standard. 

M.  J.  VioUe.  M.  J.  ViOLLE  {commutiicaicd  and  translated) :  I  desire  in  the  first 

place  to  convey  to  Dr.  Fleming  my  cordial  acknowledgment  of  his 
courtesy  and  impartiality  towards  myself.  Mr.  Petavel's  very  careful 
study  of  my  standard  has  already  removed  the  majority  of  the  objec- 
tions to  it  that  have  been  raised  after  superficial  examination.  A  search- 
ing investigation  of  the  kind  that  Dr.  Fleming  would  like  the  National 
Physical  Laboratory  to  undertake  would  show  that,  even  in  the  direction 
suggested  by  Mr.  Vernon  Harcourt,  there  is  no  serious  obstacle  to 
its  complete  realisation.  I  hesitate,  however,  to  add  anything  to  that 
which  Dr.  Fleming  has  been  good  enough  to  say  concerning  my 
standard. 

I  will  not  criticise  Mr.  Vernon  Harcourt's  lamp,  since  I  have  only 
had  an  opportunity  of  experimenting  with  an  imperfect  specimen. 
His  practical  lo-candle  standard,  as  \  vLivdetstand  it  from  Dr.  Fleming's 
account,  appears  to  me,  however,  lobe e.^cee^m^'^  -^^^'Cw^NX'^gj^^s^^ 
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In  regard  to  flame  standards,  1  have  not  only  experimented  with  a  MJ.  Vioik* 
"hexanc  standard  ^ijniilar  in  principle  to  that  using  pentane,  but  I  have 
also  devoted  attention  to  the  production  of  anacetyknc  standard,*  which, 
although  not  yet  perfected  as  completely  as  I  cotiid  wish^  appears  to 
possesis  a  sufiicieat  degree  of  accuracy,  whikt  at  the  same  time  having 
that  degree  of  simplicity  and  convenience  in  use  which  we  rightly 
expect  to  find  in  a  practical  standard. 

With  reference  to  the  practical  standard  proposed  by  Dr*  Mcming, 
I  feel  convinced  that  the  incandescent  lamp  should  be  completely 
satisfactory  when  employed  in  the  form  and  under  the  conditions 
prescribed  by  the  author.  The  large- bnlbcd  Flcming-Ediswan  lamp 
will  henceforth  have  a  conspicuous  place  hi  the  photometric  laboratory 
whether  of  the  electrical  engineer  or  of  the  gas  manufacturer, 

Mr*    ],    Et   Petavel   {communicated):    Within   the   limited  space   Mr. 
which  can  be  disposed  of  for  the  purposes  of  discussion  it  is  not  possible 
to   go   in  detail   into  the  many   interesting   problems  raised  by  Dr, 
Fleming* s  most  valuable  paper.    A  few  w^ords,  however^  on  the  general 
aspects  of  the  question  may  be  of  some  interest. 

Were  the  matter  not  so  generally  overlooked,  it  would  be  trivial  to 

emphasise  the  commercial  importance  of  the  subject,  but  strange  to  say 

whereas  the  greater  part  of  the  huge  capital  involved  in  the  electrical 

industry  in  this  country  is  actually  devoted  to  the  production  of  light. 

the    consumer   remains  content   to   measure   the   atnount    of    energy 

delivered,  leaving  the  question  of  the  quantity  of  light  more  or  less  to 

chancCp     The  general  callousness  with  rcgaid  to  this  subject  is  not 

more  favourable  to  the  best  manufacturers  than  to  the  public  at  large. 

It  is  a  somewhat  strange  anomaly  that  the  same  merchant  who  would 

get  into  serious  trouble  for  selling  as  a  pound  of  tea  a  packet  containing 

15  ounces,  may  without  let  or  hindrance  import  and  sell  as  16  candle 

powder,  lamps  Tvhich  will  only  give  13.     In  most  cases  the  purchaser 

will  make  no  verification  whatever,  or  perhaps^  measurijig  only  the 

current  consumed,  will  express  his  dehght  at  the  high  efliciency  of  the 

lamp^*     This  discrepancy,  even  if  detected,  is  of  too  usual  occurrence 

to  call  for  any  special  notice  or  condemnation. 

r  do  not  wish  in  any  way  to  minimise  the  inherent  inaccuracies 
which  are  necessarily  connected  with  photometric  work,  or  to  detract 
from  the  importance  of  the  right  understanding  of  the  difference 
between  '*  luminous  "  and  '^  visual "  intensity.  So  long,  how^ever,  as 
differences  of  2$  per  cent,  can  exist  between  the  values  as  determined 
by  two  different  "  testing  laboratories/'  ="  the  above  qyestions  cannot 
be  considered  of  immediate  practical  importance. 

As  far  as  the  interest  of  the  general  public  is  concerned,  the  value  of 
the  work  which  is  now  carried  out  under  the  direction  of  the  Metropoli- 
tan Gas  Referees  can  hardly  be  overestimated.  Unfortunately  it  is, 
^erse^  limited  in  its  scope,  and  before  any  real  reform  can  be  hoped  for 
the  entire  question  of  the  measurement  of  artificial  illumination  must 
be  taken  up  in  a  similar  manner.    As  a  plea  in  favour  of  the  kiisser 

*  This  research  has  already  ejttended  over  several  yeju's  (see  Cortiftts 
rcndns,  1896^  vol.  122,  p,  179). 

^  Sec  Dr.  Fhmiiig's  p^ipLT,  pagii  luj. 
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Mir,  Fi^UvtL  fiurc  policy,  it  has  repeatedly  becji  urged  tliat  exact  photometric 
measurcmeiits  are  difliciill  or  impossible,  but  any  ouc  conversant  with 
the  subjttct  will  readily  admit  that,  Tivith  many  of  the  photometers  and 
stimdards  at  prt^aeiit  in  use,  an  accuracy  of  two  per  cent,  is  easily 
obtained.  Higher  accuracy  can  undoubtedly  be  reached,  and  is 
most  desirable,  but  meaisuiemeiitji  even  if  only  to  two  or  three  per 
cent,,  if  generally  caiTied  out,  v^ould  be  a  vuist  Improvement  on  the 
present  state  of  affairs. 

Turning  now  from  the  question  of  tiie  actual  measureuients  carried 
out  (or  not  carried  out)  in  everyday  work,  to  the  question  of  the  legal 
standard.  It  is  generally  admitted  that  the  British  legal  standard  (llie 
spcrni  candle)  is,  of  all  the  standards  in  use,  the  most  inaccurate  and 
unsatisfactory  ;  and  yet,  strange  to  sjiy,  no  serious  effort  has  been  made 
to  obtain  a  reform.  It  h^is  been  urged  that  a  change  should  not  be 
made  until  sufficient  information  has  been  obtained  to  waixant  a 
delinitive  choice.  The  plea  is  undoubtedly  well  foimded,  but  as  the 
preliminary  work  must  necessarily  occupy  some  years,  it  w*ould  be  most 
regrettable  if  time  were  wai^ted  before  making  a  start.  The  final  choice 
will  rest  between  the  Viollc  molten  Platinum  standard,  the  Har court 
Fentane  standard,  and  sonic  standard  based  on  the  spectrum  analysis  of 
the  radiation  itself  and  resembling  that  proposed  by  Lummer  and 
Kurlbanni.  The  vvork  \vith  regard  both  to  time  ajid  expense  is  beyood 
the  scope  of  individeal  research,  and  could  be  conducted  successfully 
only  at  such  an  institution  as  the  National  Physical  Laboratory,  and  it 
is  satisfactory  to  hear  from  Dr.  Glazebrook  that  steps  are  being  taken  in 
this  direction^ 

From  the  preliminary  experiments  which  have  been  made,  the  Violk 
standard  seems  to  promise  the  best  results.  It  has  been  proclaimed 
as  the  absolute  standard  of  light  by  every  International  Electrical 
Congress,  but  has  Jievcr  been  set  up  in  such  a  manner  as  to  be  of 
practical  use*  The  work  carried  out  some  years  ago  at  the  Dav}-^- 
Faraday  Laboratory  has  been  kindly  referred  to  by  both  Dr*  Fleming 
and  Dr,  Glazebrook,  A  few  further  words  on  the  subject  may^ 
however,  be  of  inlercst.  The  electric  method  of  fusing  the  platinum 
was  not  abandoned  through  any  inherent  dififtcuUies,  but  simply  because 
tiie  preliminary  results  then  required  could  be  obtained  in  a  less 
expensive  manner^  by  means  of  an  oxyhydrogen  blo\v-pipe.  The 
experiments  were  only  rendered  possible  thanks  to  the  kindness  and 
generosity  of  the  Directors  of  the  Davy- Faraday  Liiboratoryj  but  iioiic 
the  less  in  a  private  institution  there  are  certain  limitations  which  need 
not  affect  a  research  w^hich  is  carried  out  by  the  National  Physical 
Laboratory. 

I'hus  the  conditions  under  which  this  preliminary  work  was  earned 
out  were  not  of  the  most  favourable  character,  but  nevertheless,  some 
well-defined  results  were  obtained.  These  may  be  summarised  ^^ 
follows  :— - 

I,  That  an  incrca.se  or  decrease  of  the  total  area  of  the  moU*^^ 
platinum  of  as  much  as  40  per  cent,  will  cause  less  than  one  per  cfint 
variation  in  the  light,  i.e.  the  light  is  practically  independent  of  tbti 
5hapc  oi  tJic  platinum  ingot* 
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An  alicratipa  of  45  per  cent  in  the  mas^  of  llic  pUlinum  higui   n^  ^^ 
lUse  m  ^'ariation  of  intensity  of  tlie  light  of  lesi  Hum  one  per  cent*, 
le  light  is  practically  indcpend4.'iit  of  theqaiintily  of  metal  used. 
3-  An  alteration  of  140  per  cent  in  the  sue  of  the  iipcrture  in 
e  furnace  cover  will  cause  leis  than  one  i>er  cent  variation  in  the 
light j  /.t*.  the  light  is  practically  independent  of  the  ^hape  of  the  furnace. 
4.  The  purity  of  the  platinum  is  important,  but  the  metal  can  be 
I      obtained  commercially,  quite  sufficiently  pure  for  the  purpose. 
K      5,  The  crucible  should  be  of  pure  lime,  which  can,  of  course,  be 
^Keasily  prepared  in  any  quantity, 

^1     6^  The  hydrogen  should    be  free   from  hydrocarbons*    Coal  gas 
^^ts  useless,    but    the  hydrogen    obtainable   commercially  was    found 
satisfactory,    the  design  of  the  blow-pipe  being  such  tliut  any  sm;ill 
quantities  of   hydrocarbons  would  combine  willi  thij   large  exce^  of 
oxygen  before  reaching  the  metal  surface, 

7.  The  gases  should  be  in  the  ratio  of  4  volumes  of  hydrogen  to  5  of 
oxygen,  but  as  ioug  as  a  considerable  excess  of  oxygen  is  m^iitttalned  the 
mtio  may  be  varied  within  wide  liniils. 
^—      Personally  I  am  not  aware  of  auy  other  Ciise  in  which  the  specificii- 
^■ton  of  a   standard   caai  be  varied   within  such   w^irie   limits   without 
^Timterially  affecting  the  results.     In  the  case  of  the  Hefner  lamp,  for 
lostance,  one  per  cent  alteration  in  the  height  of  the  tlame  produces 
a^bout  one  per  cent,  error  m  the  Ught  ;  it  is  therefore  hardly  necess;*ry 
to  increase  the  height  of  the  flame  by  40  per  cent,  to  obtain  a  measure- 
able  variation. 

As  was  pointed  out  in  the  original  paper,  the  results  though  in- 
complete give  some  basis  for  the  belief  that  if  the  Violle  platiuuni 
standard  is  properly  set  up,  and  the  experiments  carried  out  according 
to  uniform  directions,  its  constancy  will  be  greater  than  that  of  any 
other  known  source  of  light.  Unfortunately  it  is  not  possible  to  push 
the  experiments  any  further  without  considerable  expense,  and  if  the  few 
hundred  pounds  necessLiry  for  the  work  are  not  available  it  will  be  far 
preferable  to  discard  the  VioUo  standard  at  once  (as  far  as  this  country 
is  concerned),  and  concentrate  all  available  energy  on  tlie  improvement 
of  one  of  the  less  expensive  standards. 

Before  closing,  may  I  be  allowed  to  join  with  the  previous  speakers 

in  thanking  Dr,  Fleming  for  his  paper,  which  for  many  years  to  come 

will  be  used  as  a  work  of  reference  by  all  those  engaged  in  photometry. 

The  Chaikmas*  :  1  think  we  arc  very  much  indebted  to  Dr.  Fleming  yho 

I      for  his  paper,     1  should  like  myself,  as  it  is  an  old  subject  of  mine,  to 

ha.ve  talked  on  it  nearly  as  much  as  Frof,  Ayrtou^  but  I  will  spare  you 

^^tliat  infitction,  iind  call  on  Dr,  Fleming  to  reply, 

H  Dr,  Flemjnlt,  in  reply,  &ud  :  At  this  late  hour  of  the  evening  I 
^Kihall  not  attempt  to  reply  in  detail  to  the  many  criticisms  whicli  have 
^vbecn  passed  on  the  paper.  When  1  offered  the  piipcr  to  the  lostilulion 
^PI  felt  sure  it  was  a  subject  on  which  there  would  be  a  good  deal  of 
T  difference  of  opinion,  even  if  not  strong  feeling,  and  that  at  any  rat© 
wc  should  have  an  animated  debate,  That  expectation  has  not  been 
tiibappointed,  lu  fact,  It  h:is  been  interesting  to  notice  Vw  \.\\e  cavcc^asi  d 
the  debate  how  very  much  cUft'crcnce  of  opinion  there  Ua^  b^*iv\,i  ix 
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t>''  how  much  that  has  been  approved  by  some  has  been  condemned  by  •^ 

"  others.     On  tlic  evening  on  which  the  paper  was  read   1  think  the 

diseussion  dealt  with  purely  scientific  matters.     I  was  anxious  that  the 
questions  placed  before  you  should  not  be  merely  questions  of  detail,  and 
that  the  debate  should  not  resolve  itself  merely  into  a  discussion  of  the 
advantages  of  one  or  other  form  of  photometer^  or  method  of  photo- 
metry, but  that  some  of  the  broad  and  fundamental  questions  should 
be  discnsscd.     The  points  which  arc  really  important  are  not  w^hethcr 
one  person  can  comp^ire  a  red  and  a  green  light  within  0*5  per  ccnt.,M 
whereas  others  cannot  do  it  within  50  per  cent,,  but  they  are  whether  " 
our  methods  of  photometry ^  or  the  things  that  we  measure  and  define, 
iu*e  rcallv  the  thijigs  that  should  be  measured  and  defmed.     The  real 
things  that  I  was  anxious  should  be  discussed  were  questions  of  a  more 
fundamental   nature.     For  instancej  in  VL';dk:ing  along  the  street  you 
cannot  but  notice  the  immensely  different  effects  that  are  produced  by 
arc  lampsj  open  or  enclosed,  flame  arc  lamps,  gas  lamps,  and  by  every 
other  kind  of  illuniinant,  and  the  question  must  force  itself  upon  youi* 
attention,  whether  the  &o*caUed  candle-power  is  a  measure   of  the 
value  of  that  particular  illumination  for  the  purpose  of  vision^ — in  other 
words>  of  its  power  to  enable  us  to  see.  Supposing  you  put  the  question 
to  a  non-technicai  person  whether  a  particular  roojn  or  street  was  wtII 
lit.     What  would  he  do?     He  would  takeout  a  newspaper  and  see  if 
he  could  read,  and  if  he  could  read  he  w*ould  say  it  was  good.     In  that 
we  are  not  concerned  at  all  with  slight  differences  of  colour.     The 
questioji  of  whether  you  can  compare  a  red  and  green  lamp  within 
a  fraction  of  i  per  cent,  is  inimalerial  when  we  regard  it  from  the 
point  of  view  of  practical  engineering.    On  the  way  home  to  night,  in 
the  railwav  carriage,  you  will  not  be  concerned  with  the  recognition  of 
the  precise  ditTere nee  in  tint  or  colour  bQtwQtn  *l  IVesitninsicr  Gdzctic 
and  a   Globe,  so  far  as  the  paper   is   concerned,  but   what  you  arc  S 
concerned  with  is,  whether  you  can  discrmiinatc  the  print.     If  you  can  | 
you  say  the  illumination  is  all  right :  if  you  cannot,  you  s;iy  soniethiug 
appropriate,     Tliat  is  the  reason  %vhy  I  laid  stress  on  a  method  of  dis- 
crimination  as  a  method  of  determining  the  relative  values  of  the 
illuminating  powers  of  two  lights.     On  the  other  hand  the  question  of 
the  colour   quality  of   a   light   is   very   important  indeed   for  certain 
purposes.     I  had  hoped  that  from  so  great  an  authority  as  Sir  William 
Abney  we  might   have   heard   something  which   would  guide  us  in 
arriving  if  possible  at  a  way  of  distinguishing  the  colour   revealing 
property  of  illuminants  so  as  to  define  precisely  their  suitability  for 
illuminating,  say,  a  picture  gallery  or  a  dye-house.     This  is  something 
quite  different   from  ^'candle-power."      If  a  central -station  engineer 
were  to  ask  a  shopkeeper  w^hat  candle-power  he  requires  outside  his  fl 
shop  the  shopkeeper  would   say   he  does  not  know  anytliing  about  " 
candle-power*    What  he  wants  is  such  a  light  as  will  render  the  goods- 
in  his  window  as  visible  as,  or  more  visible  thaup  they  are  by  daylight, 
and  if  he  secures  that  he  secures  all  he  requires,  and  1  do  not  think  our 
ordinary  measures  for  candle-power  do  give  a  numerical  value  to  at^-^ 
illumination  of  any  kind  wliich  would  enable  us  to  decide  that  question^  ^ 
/  mmt  not  take  advantage  oE  yo\ii:  mdul^j^eucc  to  go  now  inlo  the==- 
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different  objectiofis  that  bxv^  been  raisecL    I  vrill  simplv  coitclude  by  n 

Ihanking  you  for  the  kind  reoeplKm  yoa   Ixave  given  to  the  |^|>cr- 

I  was  very  iudcIi  plea^^ed  at  the  read^*  welcome  which  wms  acconled 

I  to   it  by  the   President    and    the   Coiindl  when   [  fir^t    offer^   il» 

I  as    r  felt  sure  that  whatever  might  be  the  merits  or  demerits  of  the 

I  paper  it  dealt  with  a  sabject  which  should  be  discussed,  and  that  we 

shoyld  have  an  interesting  discttssion  on  it,  and  I  feel  on  the  whole  that 

that  hope  has  been  f  iilhlled. 

{Commuuicakd)  i  I  am  glad  to  have  the  opportunity  of  adding  a  few 
words  more  by  way  of  reply  to  the  discussion  on  my  paper,  as,  ovvin|; 
I  to  tlie  lateness  of  the  hour,  the  time  afforded  me  at  the  end  of  the 
debate  was  rather  sliort.  In  so  doing  I  will  not  deal  with  the  remarks 
of  ^ch  speaker  separately*  but  will  group  them  under  the  several  licad* 
ings  of  the  subject  matter  of  the  paper* 

First  as  regards  Standards  of  Lights.  There  seems  to  be  a  general 
consensus  of  opinion  that  the  ''  candle  '*  is  now  merely  the  name  for  an 
arbitrary  unit  of  light,  and  that  as  far  as  the  British  candle  is  concerned, 
it  is  best  represented  either  by  the  Hefner  Ijimp  with  the  flame  height 
increased  14  per  cent*,  or  by  the  i -caudle  Fentaue  lamp  of  Mr, 
Vernon  Harcourt,  or  otherwise  that  lo-candle  power  is  best  represented 
by  the  new  \"ernon  Harcourt  lo-candle  standard*  On  the  other  hand, 
the  British  standard '*  candte"  considered  merely  as  a  unit,  does  not 
agree  with  those  adopted  in  France  and  Germany*  Some  have  agreed 
and  some  differed  with  mv  suggestion  to  substitute  a  larger  unit  called 
the  'Mamp  '  for  the  candle.  Whether  this  suggestion  is  ultimately 
adopted  or  dismissed,  I  still  hope  that  it  may  be  possible  to  establisli 
an  International  Unit  of  Light  which  may  be  called  by  a  generally 
accepted  name,  whether  the  *'  International  Candle  "  or  the  *'  Inter  na- 
tional Lamp,"  or  some  other  term  ;  and  that  this  convention  will  abolish 
the  existing  diflferences.  At  the  present  moment,  an  English  lo-candle 
glow-lamp,  even  if  correctly  marked,  is  not  identical  with  a  French 
10-candle  or  a  German  10-candle  lamp  in  actual  luminous  intensity, 
apart  from  errors  in  photometry. 

Next  as  regards  fundamental  standards.  I  was  glad  lo  hear  from 
Dr.  Glazebrook  that  this  matter  is  receiving  his  attention,  and  he  wilt 
have  seen  from  the  remarks  durintf  the  discussion  the  necessity  that 
exists  for  some  tinal  srandard  of  reference,  I  trust  therefore  it  wiU  not 
be  loug  before  the  National  Physical  Laboratory  %vill  be  in  a  position 
to  make  authoritative  decisions  upou  this  subject. 

As  regards  working  standards,  many  speakers  have  declared  their 
preference  for  the  amyl  acetate  lamp.  The  criticism  that  this  lamp  is 
less  affected  by  barometric  pressure  than  the  pcutane  lamp  is  not,  I 
think,  valid,  as  it  rests  only  on  Liebcnthal's  experiments  with  an  old 
form  of  pentane  lamp,  and  not  on  experiments  made  with  the  present 
lo-candle  Vernon  Harcourt  Gas  Referee  standard.  There  is  room  in 
this  matter  for  further  research* 

With  respect  to  my  Large  Bulb  Glow  Lamp  Standards,  two  remarks 
were  made  which  deserve  attention — one  by  Mr.  Trotter,  who  pointed 
out  a  possible  error  due  to  reflection  from  the  back  ot  \\\(i  ^^xjAfe,  | 
^B    Althou^Jj  this  objection  was  present  to  my  mmd,  "jet  giw\\\%  Vo  fea*^ 
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method  that  I  have  adopted  of  using  the  lamps  at  a  constant  distance 
from  the  photometer,  it  has  never  been  found  to  be  a  serious  cause 
of  error.  But  with  a  view  to  its  removal,  I  propose  to  place  a  dead- 
black  mica  screen  inside  the  bulb  behind  the  filament,  and  this,  I  think, 
will  be  done  in  the  lamps  of  this  pattern  which  will  be  issued  by  the 
Edison  and  Swan  United  Electric  Light  Company. 

Another  useful  criticism  was  made  by  Mr.  J.  T.  Morris,  who  gave 
some  figures  showing  the  effects  of  a  rise  in  the  surrounding  tempera- 
ture on  the  candle-power  of  a  lamp.  This  effect  unquestionably  exists. 
Since  the  rate  of  radiation  of  the  filament  depends  on  the  difference 
between  its  own  temperature  and  that  of  the  enclosure,  any  rise  in  the 
temperature  of  the  surrounding  enclosure  must  diminish  the  rate  of 
radiation  of  the  filament,  and  therefore  if  the  voltage  on  it  is  kept 
constant,  the  temperature  of  the  filament  will  rise  and  its  candle- 
power  will  be  increased.  It  will  be  necessary,  therefore,  to  mark  on  ever}' 
standard  lamp  the  temperature  at  which  its  candle-power  standardisa- 
tion was  effected. 

A  large  amount  of  discussion  turned  on  the  merits  of  various  photo- 
meters. These  are  largely  matters  of  personal  preference  and  opinion. 
Some  prefer  a  Rumford  photometer,  which  requires  binocular  vision, 
and  others  a  photometer  such  as  the  Lummer-Brodhun,  which  demands 
monocular  vision.  Some  men  shoot  best  with  both  eyes  open  and 
others  with  only  one  eye  open.  I  do  not  think  it  can  be  laid  down  as 
an  absolute  rule  that  binocular  methods  are  better  than  monocular.  A 
person  with  one  eye  defective,  but  the  other  good,  may  yet  do  accurate 
photometric  work.  As  a  matter  of  fact,  we  all  "  see  "  a  little  more  with 
one  eye  than  the  other.  No  one  need  allow  the  reading  of  a  Lummer 
photometer  to  be  vitiated  by  stray  light  if  proper  precautions  are 
adopted,  hence  the  contention  made  that  the  Rumford  in  that  respect  is 
not  so  liable  to  error  is  not  based  upon  an  inherent  defect  of  the 
Lummer-Brodhun  photometer. 

With  respect  to  methods  of  photometry,  I  have  been  accused  of  con- 
fusing acuteness  of  vision  with  the  determination  of  brightness.  I  was 
under  the  impression  that  I  had  tried  to  explain  this  difference  in  my 
paper,  and  had  pointed  out  that  measurements  involving  acuteness  of 
vision  were  different  from  those  depending  upon  the  sensation  of  bright- 
ness. At  any  rate  I  threw  out  a  suggestion  on  that  point,  but  although 
Sir  W.  Abney  and  Professor  Ayrton  have  both  criticised  me  on  this  point, 
they  have  not  told  us  precisely  what  is  the  difference  in  their  opinion. 
The  words  "  luminosity  "  and  "candle-power"  are  used  by  some  writers 
on  photometry  in  a  very  confusing  manner,  and  it  was  in  connection 
with  these  outstanding  and  difficult  questions  that  I  had  hoped  we  might 
have  been  able  to  clear  the  air  during  this  discussion.  I  purposely 
raised  the  question  whether  the  so-called  "candle-power"  is  a  true 
measure  of  the  real  value  of  the  light  for  visual  purposes.  This  question 
has  been  rather  evaded  during  the  discussion.  Speakers  have  gone  off 
on  all  sorts  of  side  issues,  such  as  whether  the  commercial  lamps  are 
properly  marked  for  candle-power,  whether  red  and  green  lights  can  be 
photometered  with  as  much  accuracy  as  white  lights,  whether  voltage 
and  current  can   be  best  measured  by  at  ^oV.^tv\!\om^\ftT  ci\  b^  other 
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^hastrumeats,  which  are  alt,  no  doubt,  interesting  mattersj  but  they  do  nr.        | 

^Kot  touch  the  questions  lying  at  the  basis  of  photometry*  1 

^m      1  am  glad  to  find  my  statements  as  to  the  great  differences  between  J 

^Blie  photometric  measurements  of  lamps  by  different  observers  are  I 

^Biupported  by  Professor  A>Tton»  out  of  his  large  eKpcrience-    The  notion  I 

^pthat  lamps  can  be  shot  tlirough  a  photometer  room  at  the  rate  of  five  I 

thousand  a  day  and  accurately  pholomctered  h,  I  suspect,  at  the  I 

bottom  of  a  good  deal  of  the  worthlessness  of  much  commercial  marking  I 

of  lamps.    The  manufacturer  wants  to  get  a  certain  watts  per  candle,  I 

and  the  candle-powder  is  marked  almost  at  a  guess  to  make  it  fit  in  with  I 

the  value  of  the  marked  voltage  and  the  current.     Mr.  Moul  thinks  the  I 

potentiometer  is  very  *^  pretty  in  tlieory/' and  confidently  states  thai  a  I 

D'Arsonval  galvanometer — whatever  he  may  mean  by  that — ''  answers  I 

every  requirement "   for    the   measurement   of  lamps.      He    may   be  I 

interested  lo  know  that  the  potentiometers  arc  used  at  the  Edison  and  I 

Swan  factory  at  my  suggestion,  and  that  I  was  not  speaking  at  random  I 

in  recommending  it  as  the  best  method  for  measuring  lamp  voltages  I 

even  in  a  factory.  I 

^_       As   regards  actual   checking   of    incandescent    lamps    for  station  ■ 

^fciurposes  and   for  customers,  I  strongly  believe  that  the  large    bulb  I 

^"lamps  I  have  brought  to  your  notice  will  be  found  very  convenient  ^f  I 

only  station  engineers  and  others  will  not  conclude  too  hastily  that  any  I 

voltmeter  is  good  enough  by  which  to  set  them.    It  seems  necessary  to  I 

emphasise  the  fact  tliat  i  per  cent,  variation  in  the  voltage  of  a  glow-  I 

lamp  imphes  5  or  6  per  cent,  variation  in  the  candle-powen     How  many  I 

commercial  voltmeters  taken  up  at  random  can  pass  a  test  showing  I 

Ihem  to  be  accurate  to  less  than  2  per  cent.?    They  may  be  accurate  I 

^_^wbcn  new\  and  not  always  remain  so.  I 

^H      As  regards  the  difficult  question  which  arises  in  connection  with  I 

^^letero chromatic  photometry,  some  of  the  statements  in  my  paper  have  I 

been  disputed^    notably  one   connected  with  the  so-called    Fur  kin  je  I 

phenomenon.     If  Professor  Ayrton  is  right  in  contending  that  I  am  I 

wrong,   then  he  is  under  an   obligation  to   explain  the   reason  why  I 

such    authorities    as   Von    Helmholtz,    Leplnay   and    Nicati,   Blondcl  I 

and    others,    have    made    assertions    which    conflict    with    his    own  I 

experiments.      How    are    these    to    he    reconciled  ?     These    points,  I 

however,  are  confessedly  difficult,  and  I  have  no  wish  to  dogmatize  I 

upon  them.  I 

The  advantage  of  bringing  a  paper  before  this  Institution  is  that  I 

free  and  kindly  criticism  ts  given,  and  I  can  only  in  conclusion  thank  I 

the  Institution  for  the  appreciation  accorded  to  the  material  gathered  I 

for  their  discussion,  and  at  the  same  time  express  the  feeling  that  the  I 

paper  has  been  the  means  of  drawing  from  a  number  of  authorities  and  I 

experts  much  valuable  information  on  this  subject  which  will  no  doubt  I 

be  read  with  interest  and  advantage  by  many  %vho  were  not  actually  I 

prt^ut  at  the  debate,  1 

The  President  ;  Gentlemen^  I  put  it  to  you  that  we  pass  a  very  "^^"^^    Jl 

hearty  vote  of  thanks  by  acclaiiiation  to  Dr.  Flemings  '    Ptm^^^ 

The  vofe  was  cumcd  hy  acc/amatiorit  I 
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Tiie  The  President  announced  that  the  scrutineers  reported  the  follow 

^******°^      ing  candidates  to  have  been  duly  elected  : — 

Associate  Members. 

Antonio  Guitard.  |       Louis  Tasman  Reichel. 

George  W.  Handley. 

Associales. 

Ralph  Millar  Crook.  |      Michael  O'Sullivan,  LL.B. 

Gerard  Ogilvy  Nevilc.  |      Alexander  B,  Robertson,  Jun. 


SFECIAL  RESOLUTION. 
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THE    COMPANIES"   ACTS,  1862  to  iQoo, 
[Copy.] 

SPECIAL    RESOLUTION 

(Pursuant  to  the  Compcinies'  Act,  1862,  Sections  50  and  $1) 
or 

Zbc  Jnstitution  of  lEIectrical  fiitflincers. 


I 


At  a  SpEctAL  Gex*eral  Meeting  of  the  Members  only  of  the 
above  named  Institution,  duly  convened,  and  held  at  the  Institution  of 
Civil  Engineers,  25,  Great  George  Street,  in  tlie  City  of  Westminster, 
on  the  fourth  day  of  December,  1902,  the  following  Special  Resold- 
no)i  was  duly  passed  ;  and  at  a  subsequent  Special  Gkxeral  Meettxo 
of  the  Members  only  of  the  said  Institution,  also  duly  convened  and 
held  at  the  oflices  of  the  Institution,  2fi,  Victoria  Street,  in  the  City  of 
Westminster,  on  the  nineteenth  day  of  December^  19021  the  following 
Special  Resolutiox  was  duly  confirmed  : — 

Resolution* 

**That  the  Reijulations  contained  fn  the  Articles  of  Association  of  the 
Institution  be  altered  in  the  following  manner,  that  is  to  say  :— 

I,  By  cancelling  Article  r  and  substituting  therefor  the  following  :^ 

*•  1.  The  Articles  of  AfiAOCiatinn  of  the  Institution  of  Electrical  EngkcLTSj  a.s  ttit  lamc 
now  ezlslj.  will  rcmjiln  hi  ftjrce  up  toaud  hicUiding  the  3  ist  d:iy  of  [Jecember,  igoa." 


3,  Article  3,  by  substituting  ^*  1903  "  for  "  1899,"  in  the  first  and  sixth  lines, 
jlind  "  80  '•  for  **  7t  "  in  the  eighth  line. 

By  cancelling  Article  5  and  subatrtuting  therefor  the  following  : — 

*'  5,  Sufjject  as  bertinafter  [irovldedi  ">n  and  after  the  ist  dsy  of  January,  1903,  tlien 
eJtistiiifT  Honomni^  ^lemhcm  sti^ll  conlinufi  to  Ik  Honor^&ry  Itffinibers^  thea  c^istiog 
Members  ,'iIiaU  coriliniK-  lo  be  McmbcrSn  then  existing  Ass<>ciate  Members  shall  continue 
ttJ  be  Assoclnle  Members,  then  exi^iliiiti^  A<)Kaei^Iea  nb^ll  cantlmie  to  be  Associalen,  tben 
existing  Koreign  Alcmberii  ssbalJ  continue  tu  be  Forcljt^n  Alemb^T^.  and  thca  eKiHliiti^ 
Students  0liall  ixmtiniic  t*^  be  Studente,  subject  to  the  obllMations  attaching  to  sucb  various 
classes. 

"Thcmenibeni  of  the  dtti'crtiiit  classes  referreti  to  as  e3f ii^tiuiJ  on  the  said  r^htdayof 
January,  iLjajr  ^nd  sticb  other  persons  as  shall  be  admitted.  In  accord^inue  with  Lht^c 
ArtJclcSf  .iiid  none  others,  *shjaU  be  or  become  membei'S  of  tbc  iDsititntion  ( eUher  as  Honorary 
Mcintjers,  Memtwrs,  Associate  Members,  Forefjijn  Members,  Assoc ia tea,  or  Studentftj  *is  the 
ca^  may  be),uiid  be  entered  on  the  RegiaLer  3&  snch," 

Article  7,  by  striking  out  the  words  ^^  Foreign  Members." 

5.  Article  12,  by  substituting  "■  tgoi'*  for  'M898  "in  the  second  line,  and 
*3o"for  *'25"  in  the  third  line,  and  inserting  after  the  word  *' age  "  the 
vords — 

'*Volt<fi  theCoiinclJ  ^huH  he  ^s.ifjsfied  tfird  ^herc  are  aU|ft\detiV  re"Aaov\%  Im  u^^tvtvLyCvft^ViXwv, 
to  stfeh  cl3ss  at  an  earlier  agv:," 
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(i.  Article  13,  by  inserlmg  the  word  ^*new  ^^  before  and  the  wordt^  *M^ 
every  Associate  Member  not  on  the  Register  of  Associate  Mesnbers  on  the 
31st  December,  1902)"  after  the  words  '* Associate  Member"  in  the  first  line, 
and  by  striking  out  the  word  ^'and"  in  the  second  line,  and  the  words 
**  whether  adJnitted  "  to  the  letter  *'  (b) "  inclusive* 


7.  By  striking  out  Article  14  and  substituting  therefor  the  following  :— 


i 


"14.  Fi)tci^n  Memhen,    Foreign  Members  shall  be  farct^u^ts  rwidjng  abi-Q:id  who  were 
DO  the  Register  of  Foreigri  MtmbL'rs  on  the  ^ist  of  Dccembetj  ujoi." 


S.  By  striking  out  Article  16  and  substituting  therefor  the  following  :■ — 


i 


'*  ifi,  KtudentR  shsU  he  pers^^ns  of  any  age  who,  at  Ihft  time  of  eledtldo^  are  sening 
pupiL^KL'  io  an  lilt'Clrical  Eoi^inecr  or  lilctlrfclan,  or  svhoare  studying  Electrical  ftcieace  at 
oneof  Ibe  IfntversitJea,  Public  Colleges^,  Ttclinit'*it  Jiistitution«,  or  Government  St-hool^i^or 
who  oth^ruiBc  KatESfy  the  CounL-il  that  there  arc  !^p£:i.la]  circumstance**  whkK,  m  the 
opinion  of  the  Council,  entitle  them  I11  admission.  No  person  «hatl  rema,jn  in  the  Cliiss 
nl  Slndenls  afler  the  ^lat  December  otxl  ftjlloiving  the  expiration  ui  three  years  from  Urn 
time  «f  his  elect! cju,  unle&^  at  the  expiration,  nf  such  three  yenm  he  sbaU  not  have  attained 
Ih^  age  of  2^1  yearsi,  in  which  case  he  ^hall  be  entiUed  Ui  remain  in  the  Class  of  Studt^nt^ 
until  the  31st  December  next  follou-ini;;  the  diiy  on  ^vhlch  he  ^ttahia  that  age/" 


9.  By  striiiing  out  Article  18  and  substituting  therefor  the  following  : — 


i 


"  tfi.  Except  as  herein  after  provided  everv'  candidate  for  eltcllon  hito  the  Institution, 
olhfiriHsc  than  as  an  Honoran,'  Member  nr  a'Stitrfent,  sihall  be  duty  proposed  by  a  Sleniber 
and  !^conded  by  another  Ntember^  in  each  case  in  writing  and  from  perisonal  knowledge, 
ajid  his  candidature  shiiU  be  further  supported  in  wriliitg  by  not  fcwerthan  tliree  Memti«s 
or  A^5<Tdale  .^I embers. 

"The  Secretary  sh^iU  thereupon  submit  llic  application  of  the  candidate  to  the  Council 
to  be  considered,  and  if  It  be  ^ipproved  by  Uiem.  it  shaJJ  be  brought  before  the  next  General 
Meeting  of  the  Iiisiitutlun,  ttith  the  retoniincndation  of  the  Oitincll  as  to  the  clas^  to 
which  the  candidate  ^lioiUd  hi;  elected,  for  approval  But  in  the  event  of  a  candidate 
resident  abmad  not  being  penion ally  kno'^^Ti  to  a  snfticient  number  of  Mcmbers^  or  AasocLite 
Members,  to  enable  him  to  iSiitisf y  the  foregohig  candltionii  of  propos:U,  If  such  candidate 
be  nocniiiatcd  by  Ihe  t./>cal  Honorary  ^cretary  of  the  Country  or  Colony  in  which  lit 
rc^ides^  and  If  sufficient  eiiidence  be  produced  tosi\tisfy  the  Council  as  to  the  Atnes^  uf 
such  candidate  for  elevthiti  to  any  class,  the  Council  may  propose  his  election  to  such 
clasSr  and  no  further  support  will  then  be  necessary  t  but  the  proposal  form  of  tlie  said 
candidate  shall  be  i^igncd  by  the  Chaitman  of  the  in'eeting  of  Council  at  which  his  candida- 
ture vVfis  accepted,  and  his  application  shall  be  brought  before  the  next  General  Meeting 
of  the  Instil u Lion  for  approval. 

*'  Every  caJididate  for  election  into  the  InstlEntion  as  a  Student  shall  be  duly  proposed. 
In  writing  and  from  personal  knowledge,  by  one  If  ember  or  Asocial  e  Member  l'h& 
SecretarjF  shall  thereupon  submit  his  application  to  the  Conneil,  and  if  it  be  approved 
by  thcin,  it  shall  be  brought  before  the  ne.\t  General  tfceting  of  the  Institution  for 
approval." 


I 


10,  By  striking  out  Article  23  and  substituting  therefor  the  following  ; 

"  23.  The  Council  shall  decide  upon  the  apphcalion  for  transferring  any  c^iiidldate 
from  one  class  to  another,  but,  except  as  herein  after  pncwded,  every  eandidate  Jor  traiiafer 
t<>  any  class  shall  be  duly  nominated  for  such  transfer.  In  writing  and  from  personal 
knowledge,  by  two  Members  ;  and  his  candidature  for  transfer  shall  be  supported,  in 
writing;,  Iby  three  Members  or  Associate  Members.  But  in  the  event  of  a  icandidate  for 
t ranker  resident  abroad  not  being  personaUy  known  to  a  sufticient  number  of  Members 
or  Associate  Menibers,  to  enable  hun  to  satisfy  the  prescribed  condittonsof  nomination,  if 
fiuch  candSdaie  (jan  prt?duce  sufficient  evidence  to  satisfy  the  Council  as  to  his  Hlness  for 
admission  to  the  class  In  which  he  seeks  to  be  transferred',  the  Council  may  accept^  without 
further  support,  the  nnminatfon  of  the  Lf>cal  Honoraiy  Secretary^  of  the  Country  or 
Colony  In  which  such  candidate  resides." 


11,  Article  24, 
**  MemtM^rs  "  and 
Associates." 


by    insertiufj    the    word 
^Associate  Members,"  and 


"  and "    between    the    words 
stiikhig  out  the  words  *'  ani 


\ 


T2.  By  striking  out  Article  26  and  substituting  therefor  the  following: : 

"  3*.  On  election  to  the  InsliUitlon  even-  Member  shall  pay  an  entrance  fee  of  three 
guineas,  every  Associate  Member  an  'entrance  fee  of 'two  guineas,  and  every 
Assodate  an  entrance  fee  of  iwnj  guineas.  ,On  election  to  the  Institution  a  Student 
shah  not  pay  an  entrance  fee.  When  a  person  is  transferred  from  one  class  to  another 
he  shall  pay  tlie  amount  of  the  entrance  fee  payable  by  a  member  of  the  class  to 
which  he  Is  transferred,  after  deducthi^  therefrom  the  amount  of  th^  entrance  fee  (if 
any)  paid  by  him,  and  the  amount  of  the  fees  {li  any)  paid  by  him  on  the  prevlrnil 
^rjuifeff  or  on  previous  iriinsf cra-^'  JB 
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13.  By  striking  out  Article  27  and  substituting  therefor  the  following  : — 

"ay.  Except  as  hereinafter  provided, 

"  Every  Member  shall  contribute  annually  to  the  Institution  the  sura  of  three  guineas  ; 

"  Every  Associate  Member  shall  contribute  annually  the  sum  of  two  guineas  ; 

•'  Every  Foreign  Member  shall  contribute  annually' the  sum  of  one  pound  ; 

"Every  Associate  shall  contribute  annually  the  sum  of  two  guineas  ; 

"  Every  Student  under  19  years  of  age  at  the  date  of  election  shall  contribute  annually 
the  siun  of  one  guinea  up  to  'the  end  of  the  year  in  which  he  shall  attain  the  age  of  22 
years,  and  thereafter  annually  the  sum  of  one  guinea  and  a  half.  Every  Student  of  or 
above  the  age  of  19  at  the  date  of  election  shall  contribute  annually  the  sum  of  one 
guinea  up  to  the  end  of  the  third  year  after  the  year  in  which  he  was  elected,  and 
thereafter  annually  the  sum  of  one  guinea  and  a  half. 

"Any  Member  residing  abroad,*  or  absent  from  the  United  Kingdom  ♦  of  Great  Britain 
and  Ireland,  the  Isle  of  Man.  and  the  Channel  Islands,  for  nine  months  in  any  year,  and 
giving  previous  notice  in  %\Titing  to  the  Secretary  of  his  intended  absence,  shall,  during 
the  period  of  his  absence,  contribute  annually  the  sum  of  two  guineas.  Any  Associate 
Member  or  Associate  so  residing  or  absent  abroad,  and  giving  previous  notice  of  his 
absence  as  above  required,  shall  during  the  period  of  his  absence  contribute  annually  the 
sum  of  one  guinea  and  a  half." 

♦  Wherever  in  these  Articles  of  Association  the  term  "  United  Kingdom  "  is  hereinafter 
used,  it  is  to  be  understood  as  including  the  United  Kingdom  of  Great  Britain  and  Ireland,  the 
Isle  of  Man.  and  the  Channel  Islands,  and  the  term  "  abroad"  is  to  be  understood  as  including 
any  place  situate  beyond  these  limits. 

14.  Article  28,  by  inserting  the  words  "  while  residing  there  "  after  the 
words  "  Eleven  Pounds  or,"  "  Fifteen  Pounds  or,"  and  "  Two  Pounds  Ten 
Shillings  or,"  respectively. 

15.  By  striking  out  Article  29  and  substituting  therefor  the  following  : — 

"29.  A  Foreign  Member  who  has  not  compounded  shall,  if  he  come  to  reside  in  the 
United  Kingdom,  while  resident  in  the  United  Kingdom  pay  an  annual  subscription  of 
three  guineas." 

16.  By  striking  out  Article  30  and  substituting  therefor  the  following  : — 

"30.  An  Associate  who  has  compounded  by  payment  to  the  Institution  or  its  pre- 
decessors of  ten  pounds  or  of  twelve  pounds  ten  shillings,  shall,  if  transferred  to  the  class 
of  Members,  either  directly  or  after  passing  through  the  class  of  Associate  Members,  pay 
an  annual  subscription  of  two  guineas  while  resident  in  the  United  Kingdom,  or  of  one 
guinea  while  resident  or  absent  abroad  as  specified  in  Article  27  ;  if  transferred  to  the 
class  of  Associate  Members  he  shall  pay  an  annual  subscription  of  one  guinea  while 
resident  in  the  United  Kingdom,  or  of  ten  shillings  and  sixpence  while  resident  or  absent 
abroad  as  specified  in  Article  27.  Provided  always  that  if  such  a  Member  compounded 
while  an  Associate  and  while  resident  abroad,  and  was  admitted  a  Member  before  the  31st 
December,  1898,  he  shall  pay  no  subscription  while  resident  or  absent  abroad  as  specified 
in  Article  27. 

"  Provided  further,  that  any  such  Associate  may  compound  for  his  annual  subscription 
by  payment  of  an  additional  composition  equal  to  the  difference  between  the 
composition  he  has  already  paid  and  the  composition  that  he  would  h.ive  to  pay  if  he  had 
not  compounded  as  an  Associate. 

"  A  Student,  or  an  Associate,  Foreign  Member,  or  Associate  Member,  who  has  not 
compounded,  shall,  if  transferred  to  a  higher  class,  pay  the  same  annual  subscription  as 
if  he  had  been  elected  to  such  higher  class  on  the  day  upon  which  he  was  transferred 
thereto." 

17.  By  striking  out  Article  32  and  substituting  therefor  the  following  : — 

"  32.  Every  Member,  Associate  Member,  Associate,  and  Student,  shall  pay  the  annual 
subscription  for  the  year  in  which  he  is  elected,  without  reference  to  the  period  of  the 
year  at  which  his  election  takes  place  ;  but  he  shall  be  entitled  to  receive  a  copy  of  all 
numbers  of  the  "  Journal "  containing  the  proceedings  of  that  year,  and  to  such  other 
publications  of  the  Institution  which  may  have  been  issued  during  that  year,  as  the 
Council  may  from  time  to  time  determine." 

18.  By  striking  out  Article  37  and  substituting  therefor  the  following  : — 

"  37.  The  Council  may  in  any  special  case  where  in  their  opinion  it  is  desirable  to  do  so 
reduce  or  remit  the  annual  subscription,  or  the  arrears  of  annual  subscriptions,  of  any 
Member,  Associate  Member,  Foreign  Member,  Associate  or  Student." 
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A    HYDRO-ELECTRIC    PHENOMENON. 
By  F.  Gill,  Member. 

(Puper  read  before  the  Loeal  Section  Nai',  21,  1902.) 

In  June  last  one  of  the  employees  of  the  National  Telephone  Co. 
was  working  on  a  pole  supporting  a  number  of  wires  (17)  running 
through  a  rural  district  near  Glasgow.    On  touching  the  topmost  wire 
the  man  received  a  severe  electric  shock.    On  reporting  the  matter  to 
a  member  of  the  Engineer-in-Chiefs  staff,  Mr.  Watts,  the  matter  was   ; 
investigated,  and  it  was  found  that  during  certain  times  sparks  could  be 
drawn  from  the  wire  in  question.    This  wire  was  found  to  be  an  unused   ' 
one,  and  was  of  copper  weighing  100  lbs.  per  mile,  about  1,000  yards  long,    : 
and  insulated  at  both  ends  and  over  its  whole  length.     It  was  carried 
at  a  height  of  26  feet  from  the  ground,  and  its  capacity  would  be  about 
•0087  m.f.d. 

It  was  at  first  difficult  to  explain  the  reason  for  the  charge  as  the  wire 
seemed  perfectly  insulated  from  all  other  conductors.  The  only  thing  j 
at  all  unusual  about  the  line  was  found  to  be  at  a  point  where  the  ■ 
exhaust  steam  from  a  colliery  engine  was  blown  from  a  distance  of 
about  23  feet  by  the  wind  against  the  wires.  The  exhaust  pipe  extended 
vertically  1 8  feet  and  was  3  inches  diameter  at  the  top.  It  was  found  that 
the  charge  only  occurred  when  the  engine  was  working  on  load,  and  only 
when  the  wind  blew  the  exhaust  steam  against  the  wire.  Further  investi- 
gation was  made  by  Mr.  Watts,  who  had  a  collector  constructed  of  a  long 
bamboo  rod  with  an  insulator  at  the  top  on  which  was  fixed  a  number 
of  short  pieces  of  wire  with  a  V.I.R.  covered  wire  connected  as  a  lead 
to  the  ground.  When  this  collector  was  held  in  the  steam  near  the 
mouth  of  the  iron  exhaust  pipe  a  series  of  sparks  was  obtained  from  the 
covered  lead,  and  the  origin  of  the  charge  completely  located.  The 
weather  during  these  experiments  was  exceptionally  dry,  and  the  charge 
could  not  be  obtained  on  damp  days. 

Since  that  date  Professor  Magnus  Maclean  of  Glasgow,  having  had 
his  attention  drawn  to  the  phenomenon  by  Mr.  Valentine,  the  Company's 
District  Manager,  has  conducted  some  experiments  by  means  of  a  port- 
able electrometer.  He  found  that  when  a  similar  collector  to  that 
already  mentioned,  but  with  the  lead  wire  terminating  above  the  ground, 
was  inserted  near  the  steam,  continuous  sparks  of  from  i  in.  to  f  in. 
long  could  be  obtained  between  the  end  of  the  lead  and  a  metal  rod  driven 
into  the  ground,  the  best  results  being  obtained  when  the  pressure  of 
the  escaping  steam  was  highest.  This  length  of  spark  would  indicate 
a  potential  difference  of  about  40,000  volts.  Professor  Maclean  also 
took  sparks  from  the  lead  through  his  body  and  noticed  that  the 
physical  pain  experienced  ws^s  mucVv  mot^  ^e^ei^  ^Ciaa.T\.  VtQ»m?^  s^ark  due 
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t  ioo,ocx)  volts'  pressure  derived  from  a  large  24-plate  Wimshurst 
e. 

:essor  Maclean  also  tested  the  potential  of  the  air  6  feet  above  the 
and  found  when  under  the  issuing  steam  and  about  12  feet  from 
1,100  volts,  and  at  a  point  30  feet  from  the  steam  about  900  volts, 
le  engine  was  working.  The  electricity  generated  was  positive 
:  case.  Of  course,  the  hydro-electric  effect  of  steam  under 
e  is  well  known  and  has  been  investigated  by  Faraday  and  by 
Dng,  but  it  is  very  seldom  that  the  effects  are  seen  in  tlie  natural 
f  things. 


sj 
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HIGH     TEMPERATURE     ELECTRO-CHEMISTRY: 
NOTES    ON    EXPERIMENTAL    AND    TECHNI-  | 
CAL   ELECTRIC   FURNACES.  '< 

By  R.  S.  HuTTON,  M.Sc,  Associate,  and  J.  E.  Petavel, 
Associate  Member. 

(/^rt/t/-  read  at  Meeting  of  Seetioii,  November  25,  1902.) 

Although  a  few  pioneers  like  Siemens  and  Cowles  foresaw  the 
importance   of  the   application  of  the  electric  furnace  to  chemical 
problems,   it   is   only  within   the   last  ten   years   that   most   of  the 
important   processes   have   been   developed.    With  the   discovery  of 
calcium  carbide  in  1892,  the  commercial  possibilities  of  making  use 
of  the  extreme  temperature  produced  in  the  electric  arc  seem  to  have 
lirst  forcibly  impressed  themselves  both  on  the  chemist  and  engineer, 
and  the  demands  for  power  thus  created  brought  into  existence  all  over 
the  world  large  generating  plants  of  which  Niagara  is  a  typical  instance. 
In  the  early  days  Cowles  found  great  difficulty  in  obtaining  an  electric 
plant  of  sufticient  power  for  his  purposes/  but  soon  the  electrical 
engineer,  realising  the  nature  of  the  demands  made  upon  him,  was 
fully  able  to  cope  with  them.    The  provision  of  cheap  power  has  in 
turn  reacted  in  stimulating  the  development  of  many  new  chemical 
industries.    The  magnitude  of  the  present  development  of  electric 
power  for  chemical  purposes  is  clearly  brought  out  in  the  statistics 
published  by  Swan.^*    It  is  usual  to  explain  the  very  small  progress 
of    electro-chemistry    here    as    compared    with    other    countries  by 
invoking  the  well-worn  excuse  that  comparatively  little  water  power 
is  available  in  Great  Britain.    This  subject  is  worthy  of  much  closer 
attention   than    has   been   given   it  in  the  past.      In  the   first  place 
it  is  well  to  remember  that  in  a  great  number  of  cases  the  cost  ot 
power  is  only  a  small  percentage  of  the  prime  cost  of  the  manufactured 
material.  Again,  the  water  power  is  frequently  most  inaccessibly  situated 
thus  raising  very  considerably  the  cost  in  freight  on  raw  material  aa< 
Tinished  product.''  Owing  to  the  improved  efficiency  of  the  steam  engine^ 
and  to  the  huge  progress  made  recently  in  the  application  of  the  ga- 
engine  to  large  powers,  the  cost  of  energy  derived  from  coal  is  dail; 

*  Crompton,  Bntislt  Assoc.  Reports,  p.  809  (1888). 

'  journal  Soc,  Cliem.  Industry,  vol.  20,  pp.  662-676  (1901).  See  also 
Borchers,  Die  Elektrochcmic  aiif  der  Weltausstettung  in  Paris^  1900, 
Halle  a.  S. 

5  Report  of  Arrhenius  to  Swedish  Government,  see  Electrician,  vol.  47 
p,  71  (igoi). 
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bticommg  less,'  and  h  aJready  capable  of  competing  successfully  witii 
^c  less  favuurably  situated  water  powers. 

■   There  is,  indeed,  po  valid  reason  why  itiaiiy  o(  the  electi'O-cbeluical 

KdusLries  should  not  be  a  success  in  this  country.     As  will  be  seen 

pter,  a  coasidenible  number  of  electric  furnace  products  are  alisoibed 

directly  b}'  the  iron  and  steel  industries^  which  uf  al!  niaiiufactuies  in 

tilts  country  are  probably  the  most  favotuiibly  situated  for  obtaining 

leap  power.  The  manufacture  of  the  alloys  of  Ihe  rarer  melLds,  either 

direct  connection  with  some  existing  steel  works,  or  at  any  i  ate  in 

ese  districts,  should  offer  every  economical  advantage  j   moreover, 

these  cases  tbe  raw  product  forms  a  very  large  proportion  of  the 

Btal  cost.     Much   has   been  wiitten   of   the  future   which  lias   been 

|)en|d  up  b}''  tlie  application  of  producer  and  blast   furnace  gases,* 

it  even  if  we  were  to  consecrate  oqj^  w!iole  tijTie  to  the  importance 

this   subject  in  its   bearings  on   the  electro-chemical  industry,  we 

ulrt  hardly  do  It  justice.      We  will  therefore  pass  directly,  tlrst  to 

te  consideration  of  the  subject  in  its  experimental  stagt,  and  then 

liow  it  in  some  of  its  commercial  applications. 


PART  I* 

Experimental  Eqlifmekt, 

In  considering  the  equipment  of  a  laboratory  for  experimental  work 

Electro -Metallurgy,  the  point  of  utmost  importance  sliould  be,  in  the 

st  place,  to  provide  power  to  enable  the  experiments  to  be  carried 

it  on  a  reasonably  large  scale.     The  actual  magnitude  of  the  power 

uipment  must  be  regulated  by  two  principles.     It  is  very  desirable 

it  the  experiments  though  not  on  a  scale  directly  comparable  with 

commercial  process  should,  nevertheless^  be  of  sufftcient  magnitude 

to  furnish  reliable  practical  data.    On  the  other  hand,  as  the  question 

tJf  cost  has  unfortunateiy  to  be  considered,  it  is  necessary  to  keep  the 

(equipment  within  certain  limits,  so  that  any  given  experiment  can  be 

^pcated  frequently  under  all   possible   couditions,    Such  work  will 

Bttpply  not  only  valuable  scieutitic  information ,  but  also  the  necessary 

^ata  for  practical  application.     Having  said  thus  much  with  regard  to 

fe  scale  of  the  work,  let  us  consider  what  should  be  the  main  points 

fever  I  ling  the  choice  of  equipment.     As  w^e  shall  see  later,  the  variety 

m  different  forms  of  electric  furnaces  which  have  been  proposed  or 

Kd  is  extremely  great,  and  it  would  be  altogetlier  impossible  to  provide 

S  any  laboratory,  however  large  or  wealthy,  even  the  most  important 

*^f  these.    With  regard  to  the  generating  plant  the  same  may  be  said, 

'^  commercial  w^ork  we  find  conditions  varying  from  the  r5,ooo-volt 

Citric  acid  plant  down  to  the  4  or  5  volts  required  by  the  zinc  or 

*Juminium  processes  ;  from  the  continuous  current  used  in  all  electro* 

ytic  workj  to  the  mono-  or  multi-phase  alternating  curreiit  employed 


'  Humphrey,  Froc,  Inst.  Meek.  EtigineerSj  igoi,  pts.  i,  and  ii»,  p,  41 ; 
^L  Ass0C.,  SccL  G.,  Bdfiut  {iqo2)» 
*  Bryan  Donkiu^  Mtfi.  and  Proc*  Insfit,  CivH  En^ificcn^  voL  l4fS,  v>\^.  \-%\ 
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dcsji^fn  of  the  water- tube  fi*aitic  will  therefore  depend  on  the  dimetisia 
of  the  tube  and  tin;  available  head  of  water.    As  a  general  gmdmg' 
factor  we  may  say  thai  a  flow  of  one  litre  ptT  mmule  will  dissipate 
to  zi  k*w/ 

Close  to  the  water-tubes  a  resisUnce  is  provided  by  which  tB 
exciting    current    of  any    of   the  dynamos   can  be  mo^^t  effective 


fi&a/f. 


Sec^oft. 


Fig.  3. — Terminals  of  Waler  Tube  Resistance.    (600  Ampere  Frame.) 

Ttie  German-iUvei'  tube*  urc  ftildcrcd  into  gun-mpL^l  strip  caifrying  two  |-iiich  bolt*, 
water  pasHfs  in  series  llitougti  sevciMl  tubes,  copnections  bdiij:|  made  by  mean*!  of  a  U  Hlbe^ 
Shawn  In  tbe  figure.     The  giiti-itielal  stripH  nre  mnuntc^  nn  wno<ien  fnimrB. 


Sectfon  A-B. 


Fk;,  4.^Teiinhials  of  Water  Tube  Re&jstanee.    {1,000  Ampere  Frame.)  , 

Gnu-metal  r^Rllnga  fottti  I  he  raounllng  for  the  Gennan-sUver  tube,  and  carry  tw<^  j 
fcrJtR  by  whicli  the  cnnnecHuus  are  made. 


regulated  ;   it   is  in  constant  use    for   the  considerable   variations 
voltage  necessary  during  the  progress  of  some  of  the  furnace  operation 
We  now  come  to  the  actual  furnace  equipment  and  the  different  I 
of  apparatus  which  are  best  adapted  for  laboratory  work.     Foremo 

'  The  larger  tubes  are  distinctly  the  more  satisfactory,  since  in  this  <    

there  is  no  difficulty  in  obtaining  ati  et^lcienl  flow  of  water  from  the  ordinaiT 
suppiy.  With  the  smaller  tubes  it  \s  necessary  to  have  numerous  inlcls  an^^ 
outletBf  as  (heir  lesistance  to  tbe  ftow  ol  w^tt  \a  ^ssai^^t^k. 


.    -^  1 
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amongst  these  must  be  placed  the  MoL^san  furnace.'     A  dimeusiant*d 

drawing  of  this  type  for  a  power  of  about  40  kAV.  is  given  in  Fig,  6. 

Taking  into  consideration  the  many  discoveries  made  by  Moissan  in 

the  course  of  his  investigations,  it  is  surpriising  that  as  yet  only  a  vtry 

small  percentage  have  found  commercial  appUcation.     The  reason  of 

this  may,  perhaps,  be  ascribed  to  the  fact  that  this  form  of  furnace, 

though  proving  itself  eminently  suitable  for  the  pioneering  work  for 

which  it  was  intended,  scarcely  gives  any  data  on  which  a  technical 

process  could  be  founded.     It  is,  in  fact,  a  striking  example  of  how  the 

apparatus  most  suited  for  purely  scientific  work  is  seldom  capable  of 

direct  commercial  application.     It  was  not  until  the  work  ivas  taken  up 

by  the  practical  engineer  that  the  scientilic  discovery  developed  into  a 

commercial  industry.     We  shall  see  below  that  most  frequently  the 

financial  success  of  a  process  has  been  in  direct  proportion  to  the 

I  mechanical  improvements  introduced,  the  chemical  modifications  being 

generally  of  secondary  importance.   It  is  therefore  necessary  to  be  able 

to  provide  a  type  of  furnace  corresponding  in  principle  to  the  most 

usual  technical  forms,  and  thus  carry  out  the  experiments,  if  not  on 

the  same  scale,  at  least  in  Ihe  same  manner  as  would  be  done  in  the 

factory.    Fig.  7  is  a  plan  of  an  apparatus  similar  to  that  used  by  Haiberj^ 

which  we  have  found  extremely  useful  for  representing  many  different 

forms  of  furnace.     Connected  as  shown  in  Fig.  9A,  it  has  proved  itself 

I  most  satisfactory  for  the  manufacture  of  aluminium  by  the  electrolysis 

of  cryolite  containing  AljO^,  replacing  the  carbon  block  C  shown  in 

this  figure  by  a  small  furnace  built  of  loose  bricks,  a  good  example  of ' 

I  a  carbide  *■  pot "  furnace  giving  a  most  satisfactory  yield  of  calcium 

I  carbide  can  be  obtained.     Frequently  in  the  electrolysis  of  fused  salts 

it  is  an  absolute  necessity  to  make  the  crucible  Uning  of  the  inaterial 

itself*    This  result  is  obtained  (as  shown   by  Muthmann,  Hofer  and 

f  Wei5s),3  by  the  use  of  a  water-cooled  crucible.     The  arrangement  is 

shown  in  Fig.  9B.     Whilst  the  vertical  holder  enables  us  to  represent 

a  large  number  of  different  types  of  furnace,  those  of  the  Ac  lie  son 

Carborundum  type  can  be  very  simply  built  up  by  the  use  of  ordinary 

[materials.      Fig,    10    shows    a  carborundum    furnace    as  used  with 

[40  H.P. 

The  next  figure  (Fig.  11)  is  a  drawing  of  a  furnace  suitable  for 
[making  calcium  carbide  or  for  other  furnace  operations.  The  design 
li^inexpensivej  and  the  apparatus  most  serviceable. 

Such  experimental  equipment  will  be  of  importance  not  only  from 

I  an  educational  point  of  view,  but  it  is  by  no  means  impossible  that 

I  certain  of  the  difiiculties  In  technical  processes  may  be  overcome  by  its 

!  »ise.   U  IS  important,  however,  not  to  neglect  the  purely  scientific  work, 

which,  though  it  may  possibly  not  find  any  direct  application  in  the 

immediate  future,  has*  however,  frequently  proved  to  be  the  s  tar  tin  g- 

1  point  of  notable  advances.     In   this  direction   the   work  in   progress 

consists  in  the  determination  of  the  effect  of  gaseous  pressures  on 

^gh  temperature  chemical  phenomena  j  it  is  proposed  to  study  care- 


'  Moissan^Lc  hour  Ehxtriquc,  Paris,  1897, 
^  Haber,  Ziitschr.  fftt  Ekktrockcmie^  voL  % 
■^  heiiiig\^  ,4Nfmh-u,  vol.  J2Q,  pp,  231-269  (19 


,  pp.  ij  26,(107  's^^o^^^- 
-269  (1902). 
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fully  some  of  the  gaseotis  and  other  reactions  which  may  be  expected 
to  differ  considerably  from  those  oceurriiig  under  ordinary  conditions. 
The  apparatus  shown  in  Fig.  12  is  destined  for  work  up  to  200  atmo- 
spheres, and  for  currents  up  to  i^ooo  ampercSj  and  has  been  provided 
out  of  funds  received  from  the  Govcinment  Grant  Committee  of  the 
Roval  Society, 


PART   TI. 


Notes  on  Technical  Processes. 
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In  the  comparatively  short  time  which  is  at  our  disposat  it  woald 
he  altogether  impossible  to  give  any  adequate  account  of  the  general 
development  of  the  industi-y.  We  shall,  therefore^  neither  touch  on 
the  historical  side  of  the  subject,  which  has  already  been  fully  treated 
by  othersj  nor  do  we  propose  to  give  a  complete  account  of  the  methods 


Fia  ■ 


-Sliders  for  1,000-Ampere  Water  Tube  Resistance. 


Th£S£  are  used  to  re^uliile  the  larger  currents,  arte  being  moved  a  fihort  distance  wliibt  I 
other  remains  iL^edf  thJs  LtUav  being  Ln  Lurn  advanced.  Tht  E.ALF.  on  the  moving  slider  h  it 
ktpi  &in^]l  and  sparking  av^olded. 


in  use  in  such  widely  developed  industries  as  calcium  carbicie, 
aluminium,  etc.  Our  object  will  be  more  especially  to  consic5«r 
some  of  the  newer  industries^  to  draw  attention  to  recent  advances  ^^ 
the  older  ones,  and  to  consider  where  possible^  the  directions  iti  whi<^" 
improvements  are  to  be  expected*  In  connection  with  each  subj^<^^ 
3  few  references  are  given  which  may  be  of  interest  to  those  desiritig 
more  complete  information.  In  order  to  facilitate  the  description,  * 
diagrammatic  representation  of  the  principal  types  of  electric  furnaces 
is  0ven  in  Fig.  13. 

Calcium  Cakhide/— -We  have  not  here  to  deal  with  the  economi*^^ 

■  Vivian  B,  Lewes,  AcdyliTte^  London ^  1900  ;  Moissan,  Compks  Ri'ta^^-'^' 
vol.  lis,  ^^3^  (J^92),  vol.  118^  501  (1894);  Moissan,  General  Review*  *Y 
Chetniiftry  of  CarbideSj  Rev.  G6ndrak  dus  Sciences ^  voU  12,  pp,  946-955  {190*^  r 
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side  of  thii  subject j  but  it  may  be  said  that  the  financial  crisis  through 
which  the  carbide  industry  has  recently  passed  influenced  very  con- 
siderably its  progress.'  Previously  the  tnanufacturc  of  carliide  was 
being  taken  up  in  innumerable  small  factories  with  processes  differin^f 
very  largely  as  to  their  efficiency.  The  present  circumstances  have 
eliminated  the  less  efficient  methodSj  and  the  comparatively  few  firms 
which  are  stiil  successful  owe  their  advantage  to  the  careful  con- 
sideratiou  tliey  have  given  to  the  perfection  of  the  mechanical  details. 
Speaking  gene  rally,  it  may  be  said  that  the  tendency  ^  here  as  in  other 
nianufactureSj  has  been  to  simplify  the  process  as  much  as  possible. 
The  current  regulation  is  automatic;^  and  is  achieved  either  by  raising 
the  vertical  electrodes  when  the  '*pot'*  type  of  furnaces  are  used^  or 
by  some  other  means  of  bringing  more  resisting  material  between  the 
electrodes.  Means  are  frequently  provided  for  automatic  grinding, 
weighing,  and  mixing  of  materials.  With  regard  to  the  labour-saving 
problem,  a  continuous  furnace  possesses  obvious  advantages.  A  great 
deal  of  discussion  has  arisen  with  regard  to  the  relative  merits  of  the 
"continuous"  and  ''discontinuous"  furnaces,  but  this  is  largely  due  to 
a  confusion  of  terms,  since  the  tapping  mcthodSj^  which  undoubtedly 
give  a  poorer  gj^ade  carbide,  are  by  no  means  the  only  continuous  ones ; 
in  fact  with  such  furnaces  iis  the  Horry^  Siemens  and  Halske,  etc., 
all  the  advantages  of  a  continuous  process  are  attained,  without  the 
great  loss  of  heat  which  is  entailed  l-^y  the  removal  of  the  molten 
carbide  from  the  furnace.  The  production  of  calcium  carbide  being 
a  purely  electro- thermal  operation,  cither  continuous  or  alter nal tug 
current  can  be  used,  but  the  balance  of  advantage  seejns  to  be 
decidedly  in  favour  of  alternating  current,  vHi'hich  lends  itself  more 
easily  to  long-distance  transmission.  An  alternating  plant  is,  more- 
over, more  suitable  io  withsland  the  sudden  and  intense  variations 
ill  load,  w4iich  it  is  at  times  impossible  to  avoid,  and  the  carbide  pni- 
dticed  is  said  to  be  more  ujiiform  in  qnaiity,"' 

Three-phase  current,  which  has  been  employed  notably  ul  SI. 
Marcello  d'Aosla,^^  has  the  advantage  of  giving  a  more  even  distribution 
of  temperature.  It  must  be  remembered  that  the  most  favourable 
temperature  conditions  are  somewhat  narrow^*  and  that  too  intense  a 
iieat  can  produce  the  phenomenon  of  **  burning*"  Alternating  current 
iiasj  however,  one  serious  disadvantage^  namely,  that  the  pow*er-f actor 
i^  somewhat  low.  Experience  has  shown  that  with  a  view  to  preventing 
l>oth  the  inconvenience  and  loss  caused  by  the  dissipation  of  the  tinely 
divided  material,  it  is  necessary  to  have  the  furnace  properly  enclosed. 


'  A  careful  estimate  recently  made  points  out  that  <if  the  254,000  H.P. 
^n^talkd  for  this  manufacture,  only  some  64,000  H.P.  are  in  use.     Mimral 

I^nditiiry^  voL  10,  p.  74  {1902). 
.      '^  E4,  Hurry,  V.  S.  Patent  655,779  ^f  '9™* 
I      3  c^rY&on^  Zcitschr.  fur  Eicktnx hemic,  vol  6,  pp.  413,  42^  [igooj  ;  Fruiii:h, 
Wt^itschr,  ffff  Ekktivciwrnie,  vol.  7,  pp.  i-io  (itpo), 
I      *  PradoUj  Etcctrkiil  Ri;mai\  vol.  4^,  p.  463  (1901}. 
L     '  Cesare  Pio,  Ekifriiiau^  vol.  43,  p.  dyj  (1899)  ;   EU'tiricdt    iWitiii  ttud 
Wtigiucir,  vol.  40»  p.  375  (ryo2)  ;  Bertolus,  Eifgl.  Pafciti  No.  16,942  (ii!597K 
t       ^  kothmund,   ktilAtfr.  fur  nuorganisclic  Cticfuk;   vol.   31^  p.  L36  0^^^  \ 
^orchers,  Zdt^ichr.  fttr  ElekttvchsmiCj  vol.  ii,  p*  34Q  U902V 
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Tftt*  miminbeft  lo  m  large  estctit  f  be  osldsitkio  ol  the  cirboD  cleclrodcs,j 
vrblch  h  iil«>  an  imporbuil  qtieslioi]  widi  r^»rtl  lo  co^,  and  ftothc 
cnabld  the  gaM^i  to  be  made  use  of  for  bcaluig  purposes^  There  seems  I 
to  he  a  diiljnct  gain  to  be  acbieved  by  linelj  cUvidiDg  and  intimately  j 
mtxiRg  the  raw  materiab,  and  in  modem  enciosed  furnaces  these! 
apf)car  ROW  lo  gh^t;  very  little  trouble. 

The  carbide  industry  has  reached  a  large  development  in  the  United  ] 
States,  where  at  Niagara  some  i5»ooo  H.P,  are  continuously  in  use. 
Although  the  dbtance  of  these  works  from  the  power- bouse  is  only 
about  two  mile$^,  it  has  been  found  economical  to  transform  the  a-phase 
current  generated  at  2,200  volts,  to  3 -phase  at  11,000  volts,  the  trans- 


Fig.  6*— 40-kAv»  Moia^au  Furnace, 


Tilts  i>  tuuitiinjteil  i}\  blocks  of  Monk's  Park  Hatli  Stoiie,  which  after  trials  with  viiri*^ 
ItiticstQtiL'K  h,4s  piuvtuj  to  be  the  must  all]  table.  Tht  fitraaue  h  u^oru^xyticd  uf  twut  bluckFij  Ihe  fi^" 
A,  lorn  ling  Ihc  ttnerp  the  sccutid  B,  the  furruice  proper.  This  lalter  h*is  t^\o  gr<KJve3  of  sligtit^ 
^rc^itcf  cUsuiictcr  than  Iht  c:irt>OBi  to  be  UHcd,  As  the  blocks  are  apt  to  split  under  the  inflnemu  - 
(if  iht:  htMiil,  Ihcy  nrc  held  together  by  Iron  hand'» :  these  are  provided  with  sockcia^  (not  shown 
ligurt'^  whicb  enniblc  ibv  furnact  of  cover  tt>  be  lifted  by  long  iron  baiis.  The  central  hole  whU  -* 
may  be  of  dianietur  2^-4  inches,  according  to  sl^e  of  crucible  in  usl%  is  Jintd  at  the  bollom  b^& 
biyurof  powdered  magncsiiiwhloh  pi  event*  tbc  carbon  crucible  conimg  in  dU^ecl  contact  v,^- 
thtf  lime.  AtJ  anniitar  upace  should  be  left  amimd  the  trruclble,  which  not  only  (acUitat^st^ 
heating,  but  aJso  prevents  the  lime  and  carUm  from  cnlerlnii  Into  conibln^ition. 


formers   being  Scott  uoiiiiected  and  of  capacity  2,500  H.P.    At  tb"'^^ 
pressure  thu  current  is  received  at  the  transformer -house  close  to  t         ^^ 
cur  bide  works  nnd  ttansfornied  down,  rns^t  to  i-phctse  2,2CO  voHs,  th 
to  1 10  vutts,  at  which  it  enters  the  furnaces,*     At  Siitilte  Ste.  Marie 
iihhr  facliuv  Uir  20,000  IIJ*,  is  nearly  complete.     A  pLiii  of  the  Hoii-^*'^ 


Ekxdkai  irorhlaifil  Lnji,,  \^A*  1^^, v- ln\\v^>t\- 
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fm-nace  given  in  Fig*  15  is  of  some  interesl,  tliis  being  the  type  of 
furnace  employed  ih  tliese  works.* 

Of  other  f  tirnaces,  those  of  Gin  n.nd  Lcleux  *  and  the  Duutsche  Gold 
u*  Silber  Scheide  Anshdl^  are  amongst  the  most  widely  known,  the 
Conner  having  been  fitted  tip  at  Mcran  and  in  some  parts  of  France 
and  Italy,  whilst  the  German  lirm  have  equipped  several  factories  in 
Norway  and  elsewhere.  The  condition  of  the  carbide  industry  is  at 
fe  present  time  entirely  dependent  on  the  progress  of  acetylene 
lightings  and  despite  the  unfortunate  reaction  caused  by  the  flooding 
of  the  market  by  improperly  constructed  generators^  now  that  the 
subject  h^s  received  due  attention  and  safe  and  reliable  apparatus  are 
libble,*  steady  progress  is  being  made. 

Possibly  the  application  of  acetone  as  a  solvent  for  acetylene,^ 
enabling  it  to  be  safely  stored  under  pressure,  may  influence  its  future 
Considerably, 

Other  proposals  for  the  use  of  calcium  carbidCj  which  linve  not  as 
.Vet  come  into  general  use,  iiiclude  its  application  as  a  metallurgical 
'"educing  agent,*  and  for  the  production  of  the  finer  grades  of  lamp- 
black.? 

With  regard  to  the  efficiency  of  the  manufacture,  an  important 
Advance  w^ould  undoubtedly  result  from  any  invention  enabling  the 
**  mating  power  of  the  w^aste  gases  to  be  more  generally  used  for  pre- 
*iiniinary  treatment  of  the  raw  matenals.  The  combination  of  the  hme 
*^iln  and  the  electric  furnace  would  lead  to  a  great  economy  of  energ>% 
t*ut  tip  to  the  present  the  practical  difficulties  have  outweighed  the 
'^ theoretical  advantage. 

Refractory  Metals  and   thkir  Alloys.— The  difficulties  in  the 

'^^'ay  of  the  commercial  application  of  the  electric  furnace  having  been 

^^ccessf tilly  overcome  in  the  case  of  calcium  carbide,  efforts  were  soon 

^lirected  to  the  possibilities  of  producing  some  of  the  rarer  metals  on  a 

l^rge  scale  in  a  similar  type  of  furnace.     The  valuable  qualities  of  some 

'^f  these  metals  in  the  manufacture  of  steels  insured  their  finding  a 

5S>atisfactory  market.     Amongst  these  metals  Ferro-Chromium  takes  an 

^xnportant  place,  chiefly  on  account  of  the  large  employment  of  chrome 

^teeis  for   the  manufacture   of   armour  plate,  projectiles,  tool  steels, 

^^prings,  etc.    At  the  present  time  one  factory  alone  in  America  is  using 

-i^SO  tons  of  70  per  cent,  ferro-chromium  a  year  for  armour-plate  work. 

for  this  country  data  are  not  easy  to  obtain,  but  doubtless,  owing  to 

t:hc  advanced  state  of  the  British  steel  trade,  large  quantities  of  these 

3.Uoys  are  employed.     The  chief  factories  are  situated  in  France  and 

the  United  States.     The  Willson  Aluminium  Company,  with  works  at 

Holcombs  Rock,  Ya,  and  Kanawha  Falls,  W.  Va.,  manufacture  ferro- 


'  Horr>'j  English  Pale  tits  No.  22,521,  1897,  und  No.  14,261,  1^99. 

^  Borch^r^, Zi'itsflir.  ftlr  EickirochcntiCj  vol.  7^  p.  236  (lyoo);  Haber,  Zcitschr. 
^^ifaugenf.  Chaith'{igoi\yp.  185. 

^  Ktrshaw,  Elect ridatt,  vol.  4(>,  p.  2t»7  (njoof. 

*  Report  of  Committee  on  Aa'Mctnt  Gemmton  (Home  OiVice)^  1902. 
^^  FcjudK",  Sot\  Frani:fHi.t'  tit  Pl{v$it^iit\  Xo.  171  I  Nov,  15*  lyot)  ;  yoittutii  Jr 
^'^hihvlysi\  vul.  10,  No.  122,  p.  1^  {ii)oi\. 

'"  V.  KiigtflgL'j!,  Zii/si hr.  Jiir  Akkirnthaitki  vol  7,  pp.  S\l^  "^^  '=^\  \\K:p\\. 

'  Hitbuu,  Mc'*mi/n\^ tk/d St}i:h'lc  iics  Infictikm^  Civils  dc  France  ^\^3WV 
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cbromium  and  othtT  alloySj  iisiDg  some  ^,000  H,P.  at  the  Imtter  works ; 
Ihc  furnaces  they  employ  are  suitable  for  tapping,  the  metaJs  being  run 
into  lined  iroD  Irticks,  the  automatic  regulation  as  used  tn  the  carbide 
industry  being  abo  ini>talled.  Tungsten  and  ferro-tungsten,  which  have 
been  used  for  a  considerable  time  for  manufacturing  self-hardening  and 
high-speed  tool  stcelj  can  also  he  most  satisfactorily  manufactured  in 
the  electric  furnace^  and  this  product  has  considerable  advantage  in 
that  it  is  in  a  compact  fused  form,  and  is  thus  less  liable  to  oxidation 
in  the  process  of  adding  to  the  steeL  One  of  the  most  important  of 
these  alloys  Is  Ferro-SihcoHj  the  matiitfacture  of  whicii  has  been  taken 
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Fig.  7, — Vertical  Electric  Furnace  Plaji. 


The  appairalub  consht^  uf  a.  cast^lrun  b^tae,  »n  adjustable  i^t^ndardi  and  a  feeding  gear^  The 
ba««  Ih  I  Inch  rulli]g  thickness,  istrciigthcncd  wilh  rim;?  and  cros^rib^  1  inch  tbii:k.  At  on^ 
comer  9  J-inch  boll  C  serves  ss  a  termlna!.  A  is  a  levelling  screw.  The  square  baa*  of  the 
slacidard  Im  Lo;&iilat{Hl  by  a  sUb  of  vidcaoiscd  fibre,  and  bifid  down  by  four  f-iotih  boU<K  ^^ 
sectloii  A-B. 

up  in  several  of  the  factories  in  which  calcium  carbide  can  be  no  longer 
produced  with  sufficient  economy.  The  grade  varies  considerablyi 
from  15  per  cent,  up  to  85  per  cent.  The  chief  application  of  ferro- 
siltcon  is  in  the  casting  of  iron  and  steelj  where  it  plays  the  important 
rok  of  deoxidiser,  thus  getting  rid  of  blow-holes,  and  at  the  same  time, 
owing  to  the  high  heat  of  combustion,  renders  the  metal  more  fluid  for 
castings 

As  to  Copper  SilicoUj  this  has  been  prepared  for  a  long  time  iji  the^ 
furnace  of  Cowles,  and  has  found  considerable  application  as  a- 
deojudiseff  and  for  increasing  ttve  lenm\e  ^itieiUgJth  in  copper  and  bras*^ 
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casting^s,  ITiere  seem^s  every  indication  that  Silicon  it  sell  will  soon 
di^plac^  its  alloys  for  some  of  the  more  importajit  work*  it  is  now 
prc;pured  in  con^demble  quantilies  by  the  method  ot  Scheid/  Among 
the  rarer  meiaJs  which  havt;  not  as  yet  received  any  wide  t^chnioil 
application^  we  may  mention  Ferro-Titaniutn  and  Ferro-Vamidimn, 
Owing  to  recent  work  these*  metals  have  been  shown  to  have  consider- 
able technical  value  in  the  steel  industry  *  and  Ihe  difficulties  connect  I'd 
with  their  tnaiiutacture  have  been  largeiy  overcome*  ^Vccording  to 
Kossij  the  addition  ol  tilanium  to  pig-iron  of  whatever  quality'  produce 
a  considerable  increase  both  in  tensile  and  transverse  strength.^  A 
simitar  but  less  marked  effect  is  prodaced  on  steel.  It  is  evident  that 
when  dealing  with  raw  material  of  such  high  value  as  is  the  case  with 
some  of  these  rarer  metals^  it  h  ven*  necessary  to  have  an  electric 
furnace  in  which  the  process  can  be  kept  well  under  conlroij  and  in 
wliich  the  loss  of  material  can  be  mininiised  as  much  as  possible  ;  this 
result  has  been  achieved  by  using  a  properly  closed  furnace.  The 
development  of  the  industry  of  the  rarer  metals  has  been  most 
materiayy  assisted  by  the  beautiful  discovery  of  Dr.  H.  Goldschnudt  in 
which  the  metallic  osidcs  are  reduced  by  finely  divided  aluminium  ;  the 
process  is  worked  at  Essen,  by  the  AUgemeinc  Thermit-GescUschaft* 
This  method  at  first  sight  possesses  advantages  over  the  direct  eleclric 
furnace  treatment^  since  metals  with  very  low  ciu^bon  content  Cim  be 
easily  prepared  ;  but  the  refining  of  the  metals  in  the  electric  furnace  is 
by  no  means  iinpos.^ible  of  accomplish nient^J  and  will  doubtless  come 
more  into  general  use  and  he  lurther  worked  out  as  the  industry 
increases.  On  the  other  hand,  the  Goldschmidt  method  is  so  indirect 
—aluminium,  itself  an  expensive  electric  furnace  product,  being  used — 
tliati  provided  a  sufticient  demand  for  any  given  metal  exists*  no  trouble 
^should  be  found  in  overcoming  the  few  difiiculties  which  remain  for 
preparing  a  sufficiently  pure  material,  by  a  much  more  economical  and 
rnore  direct  method. 

Cahboruxdltai.— Tliis  industry,  although  by  no  means  to  be  compared 
with  calcium  carbide  so  far  as  power  is  concerned,  is  of  considerable 
importance  and  illustrates  a  type  of  furnace  which  is  hnding  many  other 
applications,  A  photograph  will  be  found  in  the  early  part  of  the  paper, 
Fig.  lo,  whiclv  though  on  a  smaller  scale,  gives  a  very  good  idea  of  the 
general  appearance  of  such  a  furnace.  The  industry  has  increased  very 
rapidly, for  whereas  in  1S95, 6J  tons  were  manufactured,  in  1901  i,6gotons 
Were  produced,  and  the  power  in  use  has  just  been  increased  (September, 
1 902)  from  2>coo  H.F.  to  3,000  H.P,,  thus  raising  the  output  to  some  2,690 
tons.  The  manufacture  of  carborundum  has  often  been  described.'' 
TThe  raw  materials  which  are  heated  together  in  a  furnace  of  type  E, 
F'ig.  13,  consist  of  coke  and  sand  ;  a  small  percentage  of  sawdust  and 
ssalt  is  added,  the  one  to  insure  the  porosity  of  the  chargCj  the  other  to 
^^€t  as  a  flux.    Carborundum,  as  is  well  known^  has  found  lai'ge  use  as  an 

R*  Schdd,  Etti^L  PiiUnt  No.  18,659  nf  i^gq, 
^  Hu3si,  Mniirantiifttsfn\  voL  y,  P-  715  (1900)  ;  Goldschmidl,  Zt'/Y^cAr*  fur 
if^iW.  Chaff ii,  Hei't  28  (igoi). 
^  Moii^san,  defining  Chnmiiuinj  Lc  F^uf  EhxtriqtWj  p.  209 ;  see  also  Chemkttl 
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abralsivc,  but  of  sttU  more  interei^t  is  its  rec^eot  application  in  tJie  steel 
indostry,  repIactEg  to  a  cxitmderabli^  extent  fefro-silicon.  The  import- 
aDcc  of  this  development  may  be  judged  by  the  fact  that  the  present 
consumption  of  carborundum  for  this  purpose  nlone  is  75  tonij  per  \ 
iDimth.  Stitl  more  promise  is  shown  bv  the  proposed  use  of  this 
substance  for  making  highly  refractofy  materials.  In  this  connection 
the  discovery  of  Fitzgerald  of  **  rccry stall iscd  *'  carborundum,  which  is 
prepared  by  agglomerating  the  linely  divided  material  and  reheating  in 
tbe  electric  furnace,  should  be  noted^  as  also  that  of  Tone  for  using  for 
simiJar  purposes  the  '*  amorphous  *'  variety,  which  always  forms  a 
considerable  proportion  of  the  product.    Each  of  the  carborundum^ 
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Fig.  8, — Vertical  Electiic  Furnace  Ele^^tiou. 

A  hcjj|4)w  c^st-lrot}  coluiTin  R,  2^  luchts  dianietur,  la  fisted  on  Lo  the  base  shown  in  the  I 
prtivifmi  figitrc  but  Insulated  from  it,  the  height  of  the  gun-metal  cross-bar  carryiug  tbt-  strew 
ftx<4tnj£  iJitar  can  be  adjusted  within  wide  llmitfi  by  means  of  the  ii-int:li  steel  rod  S  whicli  H  , 
cJafiip^  in  po*iliun  by  the  hand  whc^clip  A  and  B,    CoaueLtion  can  lie  made  at  either  of  itie  i 
ieimitial*  K  or  E  (the  latter  for  currents  above  600  amperes},  the  c^pposite  pole  bmng  coiniectcd | 
la  the  base,    To  avoid  sliding  contact*  which  would  be  pbjectionabtc  for  such  Large  currenls  ■■ 
totulL'cUcrii  from  the  i;rrjftft-bar  to  IhL'  screw  carn'iivg  Ihe  carboa  rod  is  made  by  means  of  four 
4-1  III h  llcxiblcs  not  shown  iu  this  fii^'tirti  bul  which  can  bt  clearly  ftcu  iu  Fit;,  y.    The  gtui- 
wsfi^i  ffJd  T,  whhU  CMtita  the  cjuboii^  is  i^  inches  diameter  with  a  square  screw  ihi^ad  (4 
fftfc^fh  tu  Ihe  iiichX  fi^viiig  a  feed  irf  about  *  U^*A\  U  \%  m^A^d ^w  kiweted  by  means ut:  a  7-itich 
tmi-kmi  hand  whcch    Tlic  dciigii  i>i  the  i-arbou  \\^\^^^  \^  c\tmVl  ^\MN4a,  \y.  \ft  ws^ii«d  %viU 
rinUH  af  viitinus  diiiniclcr.  so  thai  catbuuii  oi  ve^y  dVUetcat  iiU*:s,  w.\i  Vg  ^  vwiVa  ^ast^Vw^. 


ThU  show^  unc  way  hi  whrch  [he  vtrtiical  furiiHCL',  llic  dc^t^^ii  uT  ^vhlch  Is  sbpuai  in  Hie 
previous  figures,  caii  bt  Lised.  Upon  the  cjiel-irun  bast  whiizh  f<jn}i!*  Ihu  Lief|[:illVu  pult  Is  pUii^C'tt 
^t  U^r^i:^  block  uf  ciirbon^  fa;]Vit]i^  h  iiiivity  which  sen.'fis  he  a  crucible^  Thv  posilhx;  olecttudu  i& 
tomicti  by  ;i  c;ifbon  3  ins.  in  cUamt^terr  which  Ifl  fed  by  Iht  stirew-gtar  dc!H.'ribed  above* 

B.  Water-cooled  Electrolytic  Fumacef 

Here  the  apparntun  Is  fitted  to  hn  uticdjror  the  ctcclrolysSa  of  fused  salts  ;  Ihc  waler-jiJcket, 
by  caiBliig  a  layer  of  the  ftiaed  ittaa*!  Ui  solidify,  cmableB  the  ^Icctrolytt  ttadf  tf>  form  the  crucihlc* 
Uainif^  Thib  Is  frequently  necennarj',  since  with  matiy  iiiib^tances  it  la  liiitKK^lble  ta  find  a  furnace 
niattrrial  capable  of  withstanding  their  currL*s]VL^  artlun  iit  the  hi^li  len]pcra[ureai,v1iiieh  prevsnk 
The  tit-j^ativf  pole  is  ill  thU  tasc  formed  by  ;i  verticid  carbuli,  whkh  i^  held  in  a  LL'inqi  blidfii^  on 
n  sL'f^ii-niviiil  VLrticjil  rod  ILvc^  to  the  bj^e. 
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funi;ice^di  use  at  Niagara,  employs  i.cmdo  H,t^»  thi*  volliige  st;wtiug  at 
2P0,  and  faliiiig  to  9o  as  the  furnace  heats  up  ;  the  untH  arc  kept  working 
at  full  power,  tJie  voltage  beijig  varied  accorditig  to  the  progress  of  thtj 
reaction. 

As  is  well  known,  the  power  is  distributed  by  the  Niagara  Fulh 
Power  Company  on  the  constant -pressure  systeni^  and  it  h  therefore 
Qecessar>"  fo  have  some  means  by  which  this  variation  in  the  resistance 
of  the  furnace  can  be  coped  with.  The  two  principal  wa)*s  in  which  this 
can  be  accomplished  are  to  change  the  ratio  of  tht^  transformer,  or  to 
add  in  another  small  transformer  which  can  be  used  as  a  booster :  in 
either  case  it  is  necessary  to  deal  with  the  primary,  as  the  secondary 
connection  for  such  large  currents  cannot  easily  be  manipulated. 
Fig,  15  shows  two  of  the  most  satisfactory  w^ys  of  connecting  for 
this  purpose/ 

ARTiricLiL  Graphite,* — It  was  during  the  development  of  the  car- 
borundum indnstrv'  that  Acheson's  attention  was  drawn  lo  the  forma- 
tion of  graphite  in  his  resistance  furnace,  a  discovery  which  has  since 
been  applied  on  a  large  scale.  Artificial  graphite  had  been  know^n 
since  the  wdi-k  of  Despretz  in  1849,  and  from  a  commercial  point  of 
view  had  been  produced  by  the  Girard  and  Street  process,  which  con- 
sists in  passing  the  amorphous  carbon  through  the  electric  arc*  The 
Acheson  process,  however,  is  capable  of  dealing  with  the  material  in 
larger  bulk  and  gives  a  pure  graphite,  containing  as  little  as  one-tenth 
per  cent,  of  ash.  At  first  the  w*ork  w*as  limited  to  graph itising  articles 
of  agglomerated  amorphous  carbon.  Such  graphite  electrodes  arc 
quite  indispensable  for  the  success  of  many  of  the  aqueous  electrolytic 
processes,  both  on  account  of  their  more  compact  nature  and  of  their 
greater  stability.^ 

It  is  generally  considered  that  the  presence  of  small  quantities  of 
metallic  oxides  is  indispensable  for  the  graphitisation  of  amorphous 
carbon  ;  in  fact  Acheson  has  found  that  pure  carbon  submitted  to  the 
highest  temperatmes  of  his  furnace  remains  un transformed.  He  has 
recently  discovered,  however,  that  there  is  no  ne^d  for  an  intimate 
rruKture  of  the  carbon  and  metallic  oxide,  since  the  reaction  can  take 
place  by  a  kind  of  cementation  process  iJ  the  two  are  roughly  mixed 
together,  the  metal  vapour  easily  permeating  the  material.  The  action 
appears  to  be  a  catalytic  one,  caused  by  the  progressive  formation  and 
dissociation  of  metallic  carbides,  the  presence  of  a  small  percentage  of 
impurity  thus  being  used  time  after  time  in  the  reaction*  Girard  and 
Street  ^ilready  in  1895  pointed  out  the  part  played  by  the  metallic 
oxides  in  this  reaction ;  they  obtain ed,  moreover^  a  fairly  complete  trans* 

*  Peck,  Ehxtnhiuwhal  Induitty^  vol.  i,  p.  5  1 1903), 

'  DespreU,  djiuflLsRcmim,  vol  29^  p.  709(1849)  ;  Beithelol,  Attn.ik  Vhim, 
vt  lie  Phyn,  (iv.),  vol*  19,  p.  392  ;  H.  Moissftn,  Lc  Four  Ekdnqitc,  pp,  85-111  ; 
Girard  and  Street,  E"^/,  Patent  Nti,  13,340 of  i^^^Gcrmatj  Pakul  No.  78,926 
c»f  i8g3  ]  Street,  Sac.  Intern,  dcs  Elect rkicns^  see  Kkclrkiaift  voL  35,  p.  543 
|i«95) ;  E.  G.  Aeheson,  U.S.A.  Palcnt  No.  56*8.333 U*M^)  ;  ^^^  Ah  G.  FitziJerald. 
font' mil  Soi.  Chcni.  !udnsir\\  vol.  20,  p,  443  (i;>oi|  ;  Aiah  Jonmal  of  Ftanktin 
'Jn^iitnii'f  Dec.  it,  1896;  iWdiers,  Ziv/sc/rr.  fftr  Etckitochimk,  vu\,  ^,  p.  3'; J 

^  Spimiivit /Ctv2^//n//"a  EiHink.iivmu\  vul.  7^  p.  971^  eli;.  ^^upvV,  Vvit^Vcv , 
^ii/H^r,/ifr£kkitikftimk\  vuL  8^  p.  143  {1902). 
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formation  of  tlic  amorphous  carlx)n  into  graphite.  Moissan,  who  has 
minutely  studied  the  formation  of  graphite,  has  found  that  its  properties 
vary  largely  according  to  the  method  of  production  ;  but  the  question  is 
by  no  means  exhausted,  and  it  seems  probable,  since  the  requirements 
vary  from  case  to  case,  that  a  careful  study  of  the  influence  of  indi- 
vidual impurities  upon  the  graphite  produced,  may  lead  to  the  prepara- 
tion of  electrodes  still  more  suited  for  any  particular  electrolysis  than 
those  at  present  manufactured.  More  recently  this  method  has  been 
applied  to  the  direct  graphitisation  of  anthracite  coals,  with  the  pro- 
iluction  of  a  granular  graphite,  possessing  very  valuable  properties  for 


Fkj.  u. — 40-k.\v.  Experimental  Carbide  Furnace. 

This  represents  a  satisfactory  and  convenient  laboratory  form  of  the  many  and  iiiiportamt- 
technical  furnaces  of  type  C.  Fi^.  13.  The  two  caibons,  which  are  clamped  side  by  aide  in  a 
single  holder  but  insulated  one  from  another,  are  raised  and  lowered  by  means  of  a  crane  fitted 
to  the  wall.  The  current  is  led  in  by  Hat  copper  bars,  which  by  sliding  in  grooves  prevent  wiy 
(jscillation  or  side  motion  of  the  apparatus.  The  body  of  the  furnace  consists  either  as  shown  In 
figure,  of  fire  bricks,  or  of  a  large  cast-iron  pot ;  in  both  cases  the  material  itself  forms  the  actual 
lining. 

lubricating  and  similar  purposes.  Fig.  i6  gives  section  of  the  fur- 
naces used  for  graphitising  electrodes.  So  as  to  increase  the  resistance 
of  the  furnace  and  reduce  the  intensity  of  current  necessary,  the 
electrodes  are  laid  transversely  and  arc  surrounded  by  a  mixture  of 
coke  and  carborundum.  On  the  other  hand,  the  resistance  of  the 
iiiithraciie  being  initially  high,  a  smaVV  cote  of  carbon  is  inserted.  The 
rcsistiince  of  the  furnace  falls  with  the  pto^te^s*  ol  l\vt  \«a.Q^:v^wA■^^3l  is 
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of  course  lower  than  in  a  carborundum  furnace  ;  the  system  of  ref- 
lation i«§  simtlar.  The  tran^ormers  tirst  installed  gave  up  lo  37,000 
amperes  at  between  30  and  15  volts  on  their  secondary  circuit,  the  leads 
being  properly  interlaced  to  bring  up  the  power-factor  to  a  maximum. 

The  frequency  used  at  Niagara  is  as  low  as  25  f\}  ;  it  is  probable, 
however,  that  in  installing  a  generating  plant  solely  for  sue!*  chemical 
w^ork,  an  even  lower  frequency  would  be  preferred*  By  the  graph itis* 
ing  process  the  conductivity  is  increased  some  fourfold  ;  the  density  is 
also  changed,  rising  from  i'5-i"9  that  of  amorphous  carbon,  to  2*t-2'2^ 
that  of  graphite  Apart  from  the  question  ol  conductis^rly^  an  important 
advantage  of  graphite  is  the  ease  with  which  it  can  t>e  machined.  It 
can  be  cut  and  planed  w^ith  ordinary  wood  tools,  and  screwed  without 
^ 'I J  difficulty.  The  American  prodtictioRt  starting  with  162,382  lbs,  in 
1^7,  has  increased  to  2,500,000  lbs*  in  1901,  about  half  this  being  in  the 
form  of  electrodes.  1,000  H.P*  arc  employed  in  this  manufacture,  u 
number  of  furnaces  being  in  use,  each  one  in  turn  taking  the  full 
power  ;  the  change  over  can  be  made  in  a  few  minutes. 

We  now  pass  to  the  consideration  of  aluminium,  dnc*  sodium, 
caustic  soda,  etc*  is/hich  arc  primarily  electrolytic  processes^  the 
heating  effect  of  the  current,  though  used  to  keep  the  cell  in  the  molten 
condition,  being  of  secondary  importance.  The  electrolytic  bath  could 
of  Course  in  all  cases  be  easily  and  more  cheaply  kept  molten  by  means 
^  an  ordinary  furnace,  but  these  electrolytes  are  generally  so  corrosive 
111  their  action,  that  the  wear  and  tear  on  the  crucible  would  make  such 
3  process  unworkable.  The  electrolyte  when  fused  by  the  current 
(tself  usually  remains  solid  around  the  w^alls  of  the  furnace,  and  thus 
loritis  a  protective  layer. 

Aluminiitm.' — Since  18H9  the  only  two  processes  in  actual  use  for 
preparing  this  metal  are  those  of  Hcroult  and  Hall,  the  former  being 
confined  to  Europe^  the  latter  to  America.  These  two  met  hod  s,  the 
chemical  and  electrical  nature  of  which  seem  lo  differ  very  little 
^t  the  present  time,  consist  essentially  in  the  electrolysis  of  fused 
cryolite,  to  which  Ai^Oj  is  added  as  the  separation  of  aluminium 
proceeds. 

The  t^^pe  of  furnace  used  in  cither  case  is  that  of  D,  Pig.  13, 
the  carbon-lined  crucible  forming  one  electrode,  the  other  being  made 
"P  uf  a  munber  of  separate  carbon  rods.  The  differences  between  the 
two  methods  are  essentially  mechanical  in  nature  ;  it  is  not  easy  to 
obtain  any  detailed  information,  as  no  doubt  the  success  of  the  process 
*^£pends  in  each  case  upon  the  perfection  with  which  some  of  the 
inherent  difficulties  have  been  overcome.  The  Hall  process  is  worked 
by  the  Pittsburg  Reduction  Company,  vt^ho  have  the  largest  output  of 
*fiis  metal.  At  Niagara  Falls,  in  the  two  works  io,ocx>  H.P.  are  used  ;  at 
Shawinigan  Falls  some  5,000  H,P.  ;  whilst  at  Massena,  N.Y„  a  new  plant 
'^  being  erected  for   12,000  H.P,     The  cells  in  use  consist  of  thickly 

,  *  Wallace,  ^ourtial  Soc.  CUcm.  Industry^  voL  17,  p.  308  {1898)  ;  Becker, 
vf^mtd  {fEtfctrochUnic,  Paris^  p.  175(11*98)';  Mineral  Inditdty,  p,  14  (1892); 
Jr.handler,  JoHtuat  Soc.  Chem.  Ifniustrv,  vol,  19,  p.  6017  (i()oo)  ;  W.  Murray 
J^'^^rrison,  jFi>wn;t?f  Instifniioft  0/  EUxfriail  Engina't^t  vol  31,  p.  400  tM)oM  ; 
l^^ber,  Zviis€hr.fnrmi£i^\  C/wmktp.  315  (igot)  ;  Rvdiards^  Ekctro^UcnutoX 
^*'^/M^/r^'f  vol  If  p,  4g  (iga2). 
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c*irt70Ji-J]ii(.*d  cast-iron  pots  6  feet  long  x  3  feet  wide  x  10  incites  deep  ; 
the^e  form  the  cuthode  Jn  which  the  metal  iscotlecled.    The  anodes  as 
some  40  in  number,  and  each  carries  about  250  ampereSi  the  E.M- 
being  5  volts;  thus  some  65  H.P.  arc  absorbed  in  each  cell,  a  numbei 
of  the  cetls  being  connected  in  series. 

So  far  as  the  actual  electrolysis  is  concerned*  the  recent  scientific 
work  of  Haber '  is  of  interest ;  hv  has  been  able  to  explain  the  conditions 
necesiiary  for  satisfactory  working.  One  of  the  most  imporLint  factors 
in  the  expense  of  manufacture  is  the  cost  of  purifying  the  bauxite, 
w^hich  is  an  hydrated  oxide  of  aliiminittm,  containing  alwaysa  consider- 
able percLMitage  of  silica,  iron  oxide,  and  titanic  acid.  The  process 
most  generally  in  use  at  tlie  present  time  is  that  of  Bayer^  whicb  is 
purely  chemical  in  nature. 


-HI)- 


Fig*  iTj.^Pnndpal  Types  of  Electric  Furnaces* 

A.  Represent*  the  ordinary  pot  furnace  In  wUicIi  the  curreut  pusses  between  ;i  niovrible 
carboD  cilectrode,  and  ^  carbon  m  other  plate  forming  the  b«ist:  of  the  furnaci:. 

B*  Is  an  example  ^tf  a  tapphig  f  urnai.:tt,  bf:ing  otherv^ise  very  elmilaf  to  A* 

C  tn  this  cane  the  furnace  propi^r  i^  fonned  of  Itistilaling  fnatvdal  (gcacr;iUy  Lined  wLth  the 
iinactcd-on  mtxLurt),  the  ciiirenl  pai^slng  bet^veci  the  t^^'O  carbons. 

D,  H'q>rescnts  ek-clrolytic  ftirnacrs  such  as  are  u.ti*d  for  almninJum,  tinCj,  fibc*.  the  cwrefil 
passes  from  one  ir  fieveral  carbon  elect rodea  forming  the  ptMltlve  electriKte  la  Vht  negative  pole, 
which  la  fO'rmt.'d  by  the  Uuiiig  of  the  fiirn:ice, 

K.  Resistance  f  nrnac« :  most  frequently  jirnvidttl  \'Fith  a  c^tc  throngh  which  the  current  h 
paA^'d,  And  thua  the  surrounding  material  is  heated. 

Ail  the  type*  ej^cept  D  arc  suitable  either  for  aUernalhtg  or  direct  current,  the  former  being 
mo<t  frequent iy  in  use. 

A  method  recendy  invented  by  Hall  propose ti  the  purification  of 
the  bauxite  in  an  electric  arc  furnace  of  type  A^  Fig*  13,  by  heating  the 
mineral  in  contact  with  sufficient  carbon  or  other  reducing  material 
to  remove  the  impurities,  and  leave  the  t^ide  in  a  fused  state.  The 
oxide  after  cooling  is  removedj  and  is  a  .grey  friable  material  easily 
soluble  in  the  cryolite ;  it  is  considered  that  this  may  considerably 
cheapen  the  aianufacture.  The  total  output  of  aluminium  can  be 
gleaned  only  from  very  insufficient  data,  the  companies  refusing  to  give 

Haber  and  Geipert,  Zeibchr,  fur  ElcctrocHcnuc,  vo\.%,^*  \,ife,^  ^^^\  ^ 
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official  statistics  ;  howc%x'r,  it  l^  said  to  hare  been  approximpttely  7,500 
tons  for  iQoi.  The  yield  usually  obtained  is  about  1  Ih,  of  alummium 
per  12  H.R  hours, 

SoDlt^w,— This  metal  has  for  long  been  produced  by  the  Cast  net 
process/  which  is  carried  out  at  Runcorn,  Niagara,  in  Germany  and 
France,  and  consists  iu  electrolysingfu^ed  caustic  soda  ;  the  tnctal  being 
lighter  than  the  electrolyte  rises  to  the  top  and  is  removed  from  time  to 
time.  The  construction  of  the  cell  is  of  some  interestj  since  by  an 
tugenious  arrangement  of  the  anode  and  cathode  a  high  current 
efficiency  is  obtained.  The  important  consideration  seems  to  be  the 
exact  regulation  of  the  temperature,  since  at  already  20°  above  the 
melting  point  the  recombination  of  the  separating  sodium  is  5>aid  to  be 
so  active  that  do  metal  comes  to  the  surface.  Several  descriptions  of 
the  technical  process  have  been  given,  and  the  current  efficiency  stated 
to  be  70-90  per  cent*  At  Niagara  some  120  cells,  each  taking  1,200 
amperes  at  5  voUs»  arc  in  use. 

A  careful  study  of  this  electrolysis  has  recently  been  made  by 
Le  Blanc  and  Brode.'  who  prove  that  the  primary  products  are  sodiuin 
at  the  cathode  and  oxygen  and  water  at  the  anode  ;  they  do  not  seem, 
however,  to  have  carried  out  many  experiments  at  the  lower  tempera- 
tures, but  state  that  the  water  remaining  in  the  fused  substance  reacts 
with  the  sodium  produced  at  the  cathode,  thus  lowering  the  efficiency 
to  50  per  cent,,  which  is  considerably  below  that  quoted  for  the 
technical  process.  Sodium  has  also  been  produced  by  the  Darling' 
process,  in  which  the  fused  nitrate  is  electrolysed  in  cast-iron  vessels 
provided  with  a  thick  diaphragm  of  magnesia  and  cement,  with  the 
production  of  nitric  acid  at  the  anode,  and  metallic  sodium  at  the 
cathode.  Each  cell  takes  400  amperes,  but  the  voltage  is  as  high  as 
15  volts. 

Caustic  SoDA.-^The  problem  of  the  electrolytic  production  of  caustic 
alkalies  and  chlorine  has  for  long  been  an  important  one,  and  has 
already  met  with  a  large  amount  of  success,  the  Griesheim-Elektron, 
Castner-Kellner,  and  Hargreaves-Bird  processes  being  amongst  those 
which  are  worked  on  a  large  scale  ;  all  these,  however^  deal  with 
aqueous  solutions,  and  we  are  therefore  not  concerned  with  them  here. 
The  direct  treatment  of  fused  salt  offers  considerable  theoretical 
advantage,  and  several  processes  have  been  proposed,  and  amongst 
these  we  may  mention  the  methods  of  Vauttn,  Huliii,  and  Acker,^  all  of 
which  employ  fused  lead  as  a  cathode  to  the  sodium.  The  latter  has 
been  working  since  December,  1900,  at  Niagara  Falls,  with  very  satis- 
factory results,  using  some  3,250  H*P,  The  entire  success  depends  on 
rapidly  removing  the  sodium  alloy  as  formed,  since  its  diffusion  into 

'  Ettglish  Paieni  No,  13,356  (1890J  ;  Ekdro-Chtmkal  Industry,  vol.  J, 
p.  1$  (1902)  ;  fourfuil  Soc.  ih€m.  !mfustr}>,  p.  777  {t^i)  ;  Hathenau  and 
Suter,  German  Paknt  No,  96,672  (1896)  ;  R.  Pauli,  Chcmischc  Zcitsdmft^ 
vol  I,  p.4g7U9o^)^ 

=*  Le  Blanc  and  Brode,  Ztiits^hr,  filr  EkktrochaHi^^  vol.  8^  pp,  697-707, 
717-729  (1902J. 

3  Darling,  fourth  Fmuklin  hfsiit.,  vol.  15 J,  pp.  65-67  figoa^ 

'*  Vautin^  Eng.  Pa  ten  i  I3r568,  1S93  ;  fount.  Soc.  Chcm.  Ittdttstrv,  vol.  I3i 
p.  448(1894),  Town  send,  Elecirkai  World  and  £n^.,  vol. -^i),  ^^,  !i^V5i*l 
(ipojr;,    AckeFf  Trans.  Amer.  Eltxtro-chcmkal  Soc,y  vo\,  1^  p.  ife^  (\q^\. 
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the  mass  of  lead  takes  place  only  very  slowlVi  and  the  richer  alloys  ar 
imstable  in  presence  of  the  fused  salt.    Acker  has  produced  this  rapid 
circulation  by  employing  a  steam  injector,  which  causes  the  lead  to 
tlow  rapidly  fiast  the  anodes,  and  at  the  same  time  oxidises  out  ttiM 
sodium,  producing  directly  anhydrous  fused  NaOH,     The  temperatnrS 
at  which  the  steam  and  lead  alloy  come  in  contact  is  already  hi^h,  but 
is  stiJl  further  raised  by  the  heat  of  combination  of  the  sodium,  an^ 
thus  of  course  any  excesiiS  of  steam  passes  off  without  combining  witlj 
the  caustic  soda.    The  circulation   is  so  good  that  the  lead  alloy 
the  cell  does  not  average  above  4  per  cent.  Na.     The  chlorine  is  draw^ 


WPP 


Fig,  i4.^The  Hony  Calcium  Carbide  Furnace. 

This  ifl  esseaUally  a  fumaoe  ol  type  C,  Fig.  13,  the  current  patMicig  between  tv^ro  vertical] 
carbons  P  and  X,  whii^ti  are  (is;*fd.    On  Uie  other  band,  the  eiiclositrc  coitl^ninji^  the  inaleda' '" 
autnuialLcally  lo\v'ert?d  so  stion  aA  the  mixture  in  the  neighhoi(rinx>d  ot  tht  flectmdt'a  has  t*^" 
tmRSfomied  into  mcsUtn  carbide.    This  Is  effected  hy  constructing  the  fnrnace  in  Ihc  fnriii  <i^  ^ 
drum  which  rotates  very  slowly,  heating  is  prnduc«i  in  a  space  fortntd  by  the  wide  flaugsso'  ■ 
tl]c  dnim^  the  drum  itsdlf,  and  platus  holteri  on  lo  Ihc  pcriphen,'  \  thes«  metal  parts  arc  ^^\ 
clently  prolecltxl  by  the  unacted-on  material.    Diametrically  oppd^ile  the  heaUug  icone,  atlhfli 
back  of  lh(f  furnace  the  plates  are  unbolted  and  the  carbide  removed.    This  furnace  combiWl 
several  ol  the  adv^ntag«&  of  the  contlnuuii^  and  dlStcontlnuDus  type^  ;  it  is  continuous  in  ^1 
tme  sense  of  thL»  wfird  since  the  power  is  never  turned  oH',  on  the  tithcr  hand  the  molten  catti^  1 
is  not  removed  until  it  haa  cooled  doiiVn  jand  imparted  a  considerable  amount  of  its  heat  to  ^^  | 
surrntindlng  matertat.    The  speed  of  rotation  of  the  wheel  isrc^gulated  in  such  a  manner  as  to  j 
keep  the  current  approximately  constant  ^ 


out  by  a  fan,  and  used  for  producing  bleaching  powder.     The  ctji'^* 
which   are  arranged  in  pair*^,  one  on  each  side  of  a  central  flue,  ^^ 
cast-iron  tanks  with  Imirtgs  above  the  level  of  the  fused  lead. 
Herts  ^ig^i  n  t  h  e  i  n  her ent  difficuVtie?^  of  f vir nace- 1  i  n  i  ngs  ar  e  stir m  ountt^ 
by  leaving  a  sufficient  coating  ol  uwlvv^cd.  twatVcn'aX  ^\\\"c\\  T5i\Ci\jic.ts 
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walli^.     A  central  channel  h  provided  below  tlie  actual  electrolytic  val, 
by  which  tlie  lead  wlucli  lias  been  freed  from  its  sodinm  is  returned* 

Tlie  distance  between  tlie  fused  lead  cathode  and  tlie  ciirbon 
anode  is  very  small ,  and  thus  the  internal  resistance  is  kepi  low.  The 
anodes  in  each  cell  ore  four  in  number,  and  arc  formed  of  graphite 
7i  X  14  inches;  they  carry  2,000  amperes  each>  the  voltage  being  7. 
Forty-five  cells  arc  run  in  series.  The  anhydrous  caustic  formed  runs 
over  an  iron  lip  into  a  receptacle  placed  to  receive  it*  I'hc  current 
cfficieticy  averajL^es  94  per  cent, 

^ixc* — Various  processes  have  been  proposed,  and  some  arc  iji  actual 
use.  The  recently  perfected  **  Phoenix  "  process  of  Swinburne  au€l 
Ash  croft  enables  zinc  to  be  produced  by  the  electrolysis  of  the  fused 
chloride,  and  is  of  particular  interest  on  account  of  Its  application  to 
the  treatment  of  complex  Broken  Hill  ores,^ 

Mangakese,'' — In  some  respects  very  similar  to  the  alumintuni  pro- 
cess is  that  recently  worked  out  by  Simon  and  Gin  for  the  production  of 
manganese.  A  bath  of  fused  calcium  fluoride  is  employed  in  which  the 
oxide  is  dissolved  dnd  submitted  to  electrolysis,  catbou  being  added  to 
assist  in  the  reduction.  The  advantage  of  complete  regulation  of  the 
temperature  is  in  this  case  of  great  importanccj  since  manganese  is 
aJready  easily  volatile  at  temperatures  only  slightly  above  its  nieltiug- 
point. 

Phosphorus,^^ — Already  in  1M88  Readnian  and  Parker  perfected  a 
satisfactory  connuercial  process  for  the  manufacture  of  phosphorus  in 
the  electric  furnace.  This  method  was  tried  on  a  hurge  scale  at  the 
works  of  the  Electric  Construction  Company  at  Wolverhampton,  and 
seems  since  then  to  have  been  used  by  Messrs.  Albright  and  Wilson 
at  Oldbury,  This  firm  is  also  closely  connected  with  the  Oldbury 
Chemical  Company^  who  operate  a  plant  at  Niagara  Falls.  The  method 
employed  is  very  simple,  the  phosphate -mineral  in  a  finely  powdered 
state  bein^  mixed  with  carbon  and  sand,  and  heated  in  a  closed  electric 
furnace,  the  phosphorus  distilling  off  and  being  collected  under  watcn 
Other  electric  furnace  methods  are  in  use  at  Griesheim  and  in  France, 
and  there  is  no  doubt  that  for  long  the  advantages  of  the  direct-furnace 
treatment  have  been  fully  made  use  of^  although  few  det;uls  have  been 
allowed  to  escape* 

Nn  uic  Acid.* — The  fascination  of  the  direct  synthesis  of  an  iuiportant 
chemical  compound  has  for  long  directed  attention  to  the  production  of 
iiiUic  acid  froni  the  nitrogen  and  oxygen  of  the  air.  The  research  of 
Rayleigh  and  Ramsey  un  the  isolation  of  arj^ou,  followed  by  the  Im- 


^  AshLTtjft,  ///*/.  Miifitfg  and  M^hiHurgy,  Jipi  -  Eicdro-Chenthl  ttmi 
MttaHmght^  pp.  244-249,  269-271  (v<jQi). 

^  Siaion,  En^L  Paknt  No*  17^190  of  1900  ;  tjiu^  La  /ahritatiott  ekctnqitc 
tin  Fi'JTO'Mtutgttficsi'  eti  Fntnte,  proctiic  Simon,  Par  its,  1901. 

3  Keadmau,  Engl,  PaUnt  14,962  of  i!i88  ;  Parker  and  Kobiusou,  Engi. 
Piftt'ift  17,719  of  18M8  ;  Reudmrui,  Journ.  Soc.  Chew.  lmifustfy\  vol.  JO,  p.  445 
(1891)  ;  Tfwffcs  Dkt.  of  Chcnnstiyf  voL  3,  p>  192 :  Machatske,  Eiecttktil 
IVorfif  ami  Eif^^iijctir,  voL  37,  p.  360  {1901)  ;  Irvine,  EltctriaU  World  and 
Engiitc€i\  vol,  38,  p,   374  ([902L 

*  McDougiill  and  Howies^  Manch,  Lit,  ami  PhiL^  val.  44,  part  4,  No*  13, 
pp.  1-19  (if>oo);  Bradley,  Ekrirical  World  and  EnginctT^  vnL  *^o^  ^.  v^^ 
J11J02)  ;  Rayleigli,  Jonrth  Vhcmiail  Sociti)\  vol*  71,  p.  \^\  ^\U<>"V 
Vol,  3Z  '  16' 
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portant  British  Association  address  delivered  by  Crookes  in  1898, 
helped  to  emphasise  the  importance  of  this  subject  The  careful  work 
carried  out  by  McDougall  and  Howies,  which  has  not  received  the 
attention  it  deserves,  was  more  particularly  directed  to  a  study  of 
the  efticiency  of  this  process.  By  employing  an  alternating  high- 
tension  arc  in  air  they  succeeded,  by  a  study  of  the  necessary  conditions, 
in  obtaining  a  yield  of  300  gms.  HNO3  per  12  H.P.  hours,  in  this  way 
combining  51  per  cent,  of  the  air   passed  through  their   apparatus, 
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Fig.  15. — Regulating  Transformers  for  Electro-chemical  Work. 

A.  Shows  the  first  meth(xl  which  consists  in  altering  the  transforming  ratio  by  cutting  out  a 
certain  number  of  the  primary  turns.  As  connected  the  E.M.F.  of  the  secondary  circuit  would 
be  a  maximum,  to  reduce  it  the  switch  B  is  closed  and  A  is  opened,  C  closed  and  B  in  turn 
opened,  each  successive  operation  diminishing  the  E.M.F.  by  a  fixed  amount,  the  regulation 
being  thus  carried  out  without  breaking  the  current. 

H.  Keprescnts  a  second  method  which  consists  in  using  a  boosting  transformer.  The  ciu-- 
rcnt  of  the  primary  of  the  booster  is  adjusted  according  to  the  volts  required  in  the  secondary. 
In  the  diagram  this  is  achieved  by  connecting  it  with  a  certain  number  of  turns  of  an  auto- 
transformer  placed  across  the  mains. 


whilst  with  a  mixture  of  two  volumes  oxygen  to  one  volume  of  nitrogen 
the  yield  rose  to  590  gms.  per  12  H.P.  hours.  In  most  of  their 
experiments  they  used  a  transformer  giving  8,000  volts.  The  work  of 
Bradley  and  Lovejoy  at  Niagara  has  given  more  favourable  results  from 
an  economical  point  of  view.  A  considerable  amount  of  preliminary 
work  pointed  out  the  advantage  of  the  direct  current,  and  the  apparatus 
now  working  employs  a  io,oc»\o\\.  coivlvoMOMS-current  dynamo.    As 
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wUl  be  seen  in  Fig,  17,  tbe  negative  pole  of  the  dynamo  is  con* 
nee  ted  to  an  axis  carrying  six  radial  arms,  the  positive  poles  being 
placed  round  the  periphery  of  an  iron  cyhndcr  which  forms  the 
combustion  chamber.  A  choking  coil  is  placed  in  each  circuit*  The 
actual  apparatus  compris*is  twenty-three  sncli  stars  fixed  one  above 
the  other  on  the  same  vertical  axis^  which  revolves  at  the  rate  of  500 
revolutions  per  minute,  forming  and  breaking  414^000  arcs  per  minute. 
The  chief  function  of  this  rotation  is  the  rapid  cooling  down  of  the 
products  of  the  combu^^tion^  which,  tf  allowed  to  remain  under  the 
heating  influence  of  the  arCj  would  dissociate.  For  the  same  reason  a 
rapid  flow  of  air  has  been  adopted,  so  that  the  issuing  gases  only  contain 
about  2  to  J  per  cent*  oxides  of  nitrogen.  The  yield  obtained  is  1  lb. 
nitric  acid  per  7  H.P.  hours.  The  process  is  considered  to  have  already 
passed  the  experimental  stage^  and  at  the  present  time  steps  are  being 
taken  to  start  it  on  a  commercial  scale. 

Fused  ALOnxA.^We  have  already  mentioned  the  method  of  Hall 
for  purifying  bauxite  by  fusion  in  the  electric  furnace  in  presence  of 
carbon  or  other  reducing  materiah  Our  present  consideration,  how- 
ever, is  the  manufacture  of  an  artiticial  abraisive  by  tlie  direct 
treatment  of  bauxite.  The  only  method,  so  far  as  is  known,  in  actual 
operation  is  that  patented  by  Jacobs  which  is  now  being  employed  at 
Niagara  Falls,  by  the  Norton  KmeryWhecl  Company,  for  long  known  as 
important  manufacltners  of  abraisive  articles  of  natural  corundum.  It 
has  been  found  that  the  electric  furnace  product  possesses  advantages 
over  the  best  grades  of  natural  material.  The  bauxite  islirst  thoroughly 
calcined  in  ordinary  furnaces,  and  is  then  heated  to  fusion  in  an  arc 
furnace  of  typ^  B,  F*ig.  13*  The  plant  at  present  in  use,  which  is  about 
to  hii  further  extended^  employs  some  500  H.P.  and  produces  daily 
from  4-5  tons  of  fused  alumina,  called  **  alundum  "  to  distinguish  it 
from  corundum.  The  m*itt:rial  exhibits  at  times  considerable  crystalline 
fomiatioas.' 

Baryta. — This  material  is  being  prepared  at  Niagara  by  tlie  United 
Barium  Company,  Barytes  (BaS04),  together  with  some  reducing 
material,  being  treated  in  the  electric  furnace.  The  reaction  Wiiich 
lirst  takes  place  is  as  follows : — 

4BaS0^  +  4C  =  BaS  +  3BaS04  H-  4CO. 

The  Barium  sulphide  then  reacting  with  the  sulphate  to  give  anhydrous 
barvta. 

BaS  -h  3 I^aSO*  =  4BaO  +  4SO, 

la  practice  500  k.w,  tapping  furnaces  are  in  usej  which  yield  a  mix- 
ture of  oxide  and  sulphide*  These  are  easily  separated  in  aqueous 
solution  yielding  a  very  good  quality  barium  hydrate.  The  sulphide 
can  afterwards  be  carbonated  or  otherwise  w^orked  np.^' 

Ca  u  bO  n  Bisulphide  . — As  we  h  a ve  p  ointed  o  ut  pre  v  i  o  usly,  th  e  elec  trie 

*  Jacobs,  U,  S.  Patent  j  Giiitl,  Zdhchr.  fur  angew,  ChemU\  p.  1173  (1901)  j 
Hassladicr,  German  Pa k tit  85,021  of  1B96. 
I         '  Jacobs,  Jmtrti.  Soc.  Chcnt.  !nd,^  vol.  21,  p,  391  ;   Limb,  Eng.  Patent  No. 
I     7^282^1899). 
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furtfiice  h  usually  employed  for  producing  chemical  reactions  which 
ret|ulrc  t  cm  petal  urc&  otherwise  unattainable.  In  the  manufacture 
c^U"bun  bisulphide  the  advantage  of  electnu  heating  lies,  however^  i 
the  tact  that  a  more  perfect  control  of  the  furnace  temperature  can  be 
thu^  iit tamed,  the  temperature  required  being  very  low.  The  metiiod 
invented  by  E.  R.  Taylor  for  producing  this  substance  consists  in  the 
direct  treatment  in  the  electric  ftiniace  of  charcoal  and  sulphur.  The 
manufacture  has  been  carried  out  for  some  time  at  Fenu  Yan,  New 
York,  the  daily  output  being  some  10,000  lbs.  The  furnaces  ari 
tiecidedly  the  largest  at  present  in  use  in  any  electro-chemical  work 
lieing  some  40  feet  high  by  lO  feet  diameter.  The  sulphur  is  fed  in 
coutnmously  so  as  to  rise  from  below  the  electrodes  where  it  conies  in 
contact  with  coke,  which  forms  a  resistance  bridge  between  the 
carlxJUSt  in  this  way  becoming  vapourised  and  brought  into  contact 
with  the  charcoal  which  fills  llie  rest  of  the  tower  ;  combination  takes 
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Fig,  i6»^Achefftou  Uraphite  b'uruaec. 

This  shows  the  furnace  fitted  for  graph itiisijng  elei,;trcxle^  1  3S  will  be  seen*  tht  cijn'cnt  pa; 
LIu'OKifh  the  chargt.\  which  Hncli  forms  the  hc^tfoj^  rt'sbtanccr.    Thu  c^irborutidiitn  funaccs 
oi  ^  sUuiiar  typ^%  but  on  account  of  the  high  resjataace  of  the  malerial  arc  c^ni^id^j 
ahorter,  aod  ary.  proviidird  vviLh  a  cf^ntral  core  o[  coke,     Eiich  fkiro^ce  absorbs  i.ooo  H.P.  and! 
run  for  tweoty-four  htnir3.    It  is  ciipabit;  of  gr^iphiti^Luj^  3^4  ioaa  of  carbou  tkttrddcs  or  6  tons 
u/  Anthracite. 
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placCi  and  the  CSa  produced  is  led  off  and  condensed.     By  the  applj 
cation  of  this  process  a  very  considerable  cheapening  in  the  cost 
production  has  been  effected. 

Steel. — The  application  of  thti  electric  furnace  to  the  melting  of 
steel,  which  was  one  of  the  lirst  problems  worked  upon  the  Siemejis, 
has  been  revived  during  the  last  few  yeat s  in  many  dilTcrcot  forms.    _ 
The  proposals,  w^hich  not  only  include  the  manufacture  of  steel  froui^c:: 
pig-iron,  but  also  the  direct  production  by  electric  smelting  of  the  ore  ^ 
have  led  to  the  design  of  many  special  types  of  furnaces, 

Dc  Laval '  invented  aji  ingenious  furnace  for  making  steel  in  whicM"^ 
the  metal  was  melted  by  bringing  it  in  contact  with  fused  oxide 
iron   heated   electtically  by  resistance.     This  method  is  reported 
have  been  tried  on  a  large  scale  at  Trollhattau  in  Sweden,  but  to  ha\- 
bvcn  a  iinancial  failure, 

'  Jiihrbuih  tkr  Eltlihodicmk,  \vA.  v,v*  viij^,v^>^v 
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^m     Stasfano's'  furnace  li^s  in  design  somewhat  similar  to  the  b!a^ 

fumade,  the  oece^arr  heai  being  produced  by  the  electric  arc^    A 

^^^tnp^ny  was  formed  to  work  this  process  in  Italy*  but  is  said  to  have 

^kmce  ceased  operation ^>  One  ton  of  metal  was  produced  per 3,000  H.P, 

H  Harmet,'  of  the  *'  Fonderies^  For^s  et  Acieries,"  at  St.  Etienne,  has 
^iporked  out  a  method  for  treating  iron  ore  in  three  stages,  the  carbon 
fnonoxide  evolved  by  the  reduction  being  partly  used  to  heat  the  raw 
materials,  whilst  the  reduced  metal  is  transformed  into  steel  in  a 
separate  electric  furnace.  Works  are  being  erected  at  the  present 
time  for  making  use  of  this  process. 

Ruthenberg^  has  worked  more  particularly^  on  the  magnetic  con- 
centration of  low  grade  ores  and  their  subsequent  fritting  in  the  electric 
furnace. 

Con  ley*  proposes  the  reduction  of  iron  ores  by  passing  them  between 
two  high  resistance  plates  which  are  kept  heated  by  the  passage  of  a 
current ;  the  metai  falls  into  a  hearth,  which  is  also  electrically  heated. 
Gin  has  brought  forw*ard  a  method  of  heating  mixtures  of  iron  oxide 
and  sulphide  ores,  with  production  of  sulphuric  acid  and  ferro-silicon 
as  by-products. 

Keller  ^  has  designed  a  furnace  which  is  being  employed  in  works  at 
Kerrousse  (Morbihan), 

Processes  of  electric  melting  by  induced  currents  have  been  pro- 
posed by  Benedicks  ^  in  Sweden  and  Schneider  ^  in  ?>ance  ;  in  both 
cases  the  metal  contained  in  an  annular  crucible  forms  the  electric 
conductor  surrounding  an  iron  ring,  in  which  rapid  alterations  in  mag- 
netic flux  are  produced.  Benedicks'  contrivance  is  similar  iu  principle 
to  a  welding  transfonner,  the  entire  secondary  circuit  of  which  is 
formed  by  the  molten  metal.  This  process  is  in  actual  work  at 
Gysinge,  w^here  300  H.P.  are  employed,  and  1,500  tons  steel  can  be 
produced  per  annum*  Schneider*  on  the  other  hand,  produces  an 
alternating  magnetic  field  by  the  rotation  of  a  shuttle  wound  armature. 
The  outlook  of  these  inventions  can  only  be  regarded  as  immediately 
hopeful  in  locahties  in  which  water  power  is  available  at  an  exception- 
ally low  cost  ;  the  value  of  any  economically  successful  process,  how- 
<iver,  can  hardly  be  over-estimated. 

Glass, — The  accuracy  with  which  temperatures  produced  by  electric 
^nethods  can  be  adjusted  has  led  to  several  proposals  for  the  applica- 
tion of  the  electric  furnace  to  the  glass  industry,  where,  as  is  knownj 

■  Jahrbuch  der  El^ktrochcmie^  vol.  6,  p.  320  (1899)  ;  Zciischr.  fitr  Ekk* 
^f^cthtrnk,  voh  8,  pp.  61,  B52  (1902)  ■  yoitnt.  Soc.  Chem,  Industrv^  vul.  20, 
P-  816(1902).  , 

^  Harmet,  Etude  sur  I' Eledromctailnrfiic  du  Fcr^  I.  and  II.  Cf.  also  Ekcim- 
^h^mist  and  Mctatlurgist^  vol.  9,  p.  18  (1902)  ;  Zdtsdtr,  fiir  EhtnKhctiiu\ 
^01.  S,  p,  852  (1902). 

^  Rutheuberg,  Eng.  Pafcni  13,867^  1902  ;  EkctrockcrnM  and  MctaUnrgisi, 
"^^^l.  3,  p.  12  (1902)  ;  Jahrb,  der  EkkirodHink^  vol.  i,  p,  516  (1902). 
j         *  Conley,  Elcctrachemist  and  MetaUnrgLst,  vol  2^  p.  16  (190^). 

'  Berth ol us,  Notice  snr  la  Fabrkatiotf  dt:s  ackrs  an  Four  Eiciiriqtfc,  Paris, 


*902. 


'  Benedicks,  Eng,  Patent  No*  18,921  of  1900 
^  Schneider,  £//£.  Paie/ii No,  7f33^  of  1 90 1, 
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the  temperature  regulation  is  one  nf  the  most  important  factors.  Triais 
are  being  made  on  a  commercial  *^cale  at  Pleltenbcrg  (Wejitphalial* 
With  rcftard  to  quart/,  since  the  temperature  required  is  very  high^ 
the  electric  is  the  only  method  available  for  fusing  this  material  in 
bulk.  Considerable  difficulties  will  have  to  be  overcome,  bowever, 
before  this  most  valuable  substance  can  be  manufactured  on  a  com 
inercial  scale. 

CONCLL'SEOK.^Although  the  above  account  is  by  no  means  exhaus^ 
tive^  we  feel  that  we  have  already  reached,  if  not  exceeded^  the  limits  of 
space  which  are  usnaliy  allotted  for  a  paper  of  this  kind.  In  our  brief 
review  of  the  subject  it  has  in  most  cases  only  been  possible  to  describt? 
summarily  for  each  product  one  particular  method  of  mantifacture» 
w*hich,  how*ever,  we  have  tried  to  choose  as  being  one  worked  on  a 
large  commercial  scale,  but  il  must  he  borne  in  mind  that  by  so  doin^ 


I 


Fig.  17, — Diagram  of  Rr-adley  Nitric  Add  Plant  Connections. 

The  dynamo  D  J^iving  10,000  volts  hss  its  negative  pole  coniiecteil  with  the  revolving  axis  A, 
whilst  the  po&itlvc  is  conitccLtd  to  all  thtr  scparalt;  slalion^n,'  ulettrodtis  through  the  cbotUifi 
coUs  1,  a,  3,  ^c. 

Twenly-three  siniila.r  sets  of  ^tars  htc  aupt:riLni.xjBed  on  the  same  axis.  The  postt^Vr  (^' 
tnxlrs  are  vtrtlcally  «nt  jtbovc  the  other  ;  the  nygLitivc  decLrodee,  iiowever,  are  dijtplacixi  aboUl 
3|  degrees,  the  arcs  being  thus  drawn  out  in  rapid  sticoeafliHn, 

it  has  not  been  our  intention  to  in  any  way  detract  from  the  value  of 
other  methods,  which,  although  less  generally  used,  may  frequently 
possess  advantages  over  those  we  have  mentioned* 

Perliaps,  however,  before  closing  we  may  be  allowed  to  say  a  fc^ 
words  with  regard  to  the  theoretical  effieiency  of  electric  furnac^^^ 
about  which  so  much  has  of  late  been  written.  Calculations  have  he^^ 
made  referring  to  each  of  the  manufactures,  but  the  reliability  of  ttie^*^ 
varies  largely  from  case  to  case.  When  dealing  with  the  highest  ten^" 
permit ures  very  few  data  are  available  with  regard  to  the  specific  he^*, 
latent  heat,  or  heat  of  combination  of  the  various  materials  employ*^*^* 
It  was  previously  customary  to  assume  a  constant  specific  heat,  lr»i** 

'  ^t'/Min  /fir  Elektrodtemic^  vol.  8^  pp.  419-421  {tgoi} ;   Volker,  Ef^M^ 
Pijtcni  No,  33,903  (1900).  ^ 
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more  recently  this  has  been  shown  to  be  untenable,  and  most  of  the 
modern  calculations  consider  the  specific  heat  as  a  linear  function  of 
the  lempcraturej  relyin]^  for  their  values  for  the  higher  tempenitures  on 
a  very  considerable  extrapolation.  The  actual  -iipeciiic  heats  have  been 
experimentally  determined  for  a  limited  number  of  substances  up  to 
some  looo'"'  C*,  and  it  is  fjardly  necessary  to  insist  on  how  considerable 
an  error  can  be  caused  by  boldly  applying  tliese  viihies  to  twice  the 
absolute  temperature.  In  addition  it  must  be  remembered  that  tlie 
second  factor  in  the  calculation,  the  actual  temperature  of  a  furtiacci  is 
in  most  cases  practically  tinknowTi. 

The  temperature  of  volatilisation  of  carbon  is  usually  taken  as 
3,400°  C,  but  this  is  no  measure  of  the  temperature  of  the  arc  flaihe, 
which  may  be  considerably  higher*  On  the  other  handj  the  average 
temperature  of  the  furnace  is  always  considerably  below  that  of  the 
volatilisation  point  of  carbon* 

The  consequence  of  this  rash  way  of  dealing  with  the  subject  is  that 
the  estimates  of  the  theoretical  amount  of  heat  required  differ  by  nearly 
iQo  per  CGni.j  as  has  been  shown  by  Kershaw  in  the  case  of  calcium 
carbide.* 

With  regard  to  those  of  the  ^resistance  furnaces  in  which  the  tem- 
perature is  comparativel}^  tow,  more  accurate  data  can  be  obtained,  and 
linally,  in  the  electrolysis  of  fused  salts,  the  calculations  give  a  much 
more  trustw*orthy  result,  depending  as  they  do  largely  upon  the  electro- 
chemical equivalents!  w^hich  are  known  with  some  accuracy. 

The  determination  of  the  total  loss  of  heat  by  radiation  from  an 
electric  furnace  provides,  however,  valuable  information  on  one  of  the 
important  factors  in  the  efficiency,  but  the  final  criterion  in  all  com- 
mercial work    must   necessarily   be   the    number    of    tons    yield   per 
H»P.  year.     In  describing  the  various  methods  it  has  been  of  great 
advantage  to  have  means  by  which  personal  experience  of  the  process 
could  be  obtained  by  direct  experiment.     For  this  we  are  indebted 
to  the  foresight  of  Professor  Artliur  Schuster,  F.RS,,  who,  thanks  to 
the  munihcence   of   Mn   Ivan   Levinstein,  was  able   to   make   ample 
provision  for  experimental  electro-chemistry  in  the  building  in  which 
we  are  now  assembled. 


■  Keishaw,  Eicctnciarit  voL  4O,  pp.  164,  245,  267  (icjoo). 
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FORM  OF  MODEL  GENERAL  CONDITIONS 

RECOMMENDED 

FOR  USE  IN  CONNECTION  WITH  CONTRACTS  FOR  PLANT, 
MAINS,  AND  APPARATUS  FOR  ELECTRICITY  WORKS, 

As  drafted  by  a  Committee  appointed  for  the  purpose,  and  presented  tcz. 
the  Council  for  adoption  as  the  Model  General  Conditions  recom- 
mended by  the  Institution  of  Electrical  Engineers, 


A  Committee  was  appointed  by  the  Council  on  the  20th  of  Decembei 1 

1900,  and  met  first  on  January  7th,  1901  ;  it  was  then  arranged : — 

(i)  To  send  copies  of  the  original  Draft,  for  the  purpose  of  elicitinj^^,  g 
criticisms  and  suggestions,  to  the  Electrical  Plant  Mani^^=^- 
facturers'  Association,  to  the  Cable  Manufacturers'  Associationr"^^t^» 
and  to  the  Municipal  Electrical  Association,  as  well  as  t-  ^*° 
certain  engineers  and  manufacturers,  and 

(2)  To  consider  such  replies  as  should  be  received  when  examining  -^^S 
the  draft  Conditions  in  detail. 

At  the  request  of  the  Committee,  the  three  Associations  abov"'^^^"^® 
named,  and  also  the  Engineering  Employers*  Federation,  appointe^^^^^^ 
delegates  to  confer  with  the  Committee,  and  at  a  subsequent  Councrr-^^^^^ 
Meeting  these  delegates  were  formally  added  to  the  Committee,  whic=:^ — -^^^ 
was  much  strengthened  and  greatly  assisted  by  their  co-operation. 

The  meetings  of  the  Committee  were  well  attended,  and  the  dra-^^^^^^ 
General  Conditions  were  considered  individually  in  great  detail,  thi^  ^^ 
views  of  all  parties  being  carefully  studied,  and,  as  far  as  possibl^^  '^^> 
harmonised.  The  General  Conditions,  with  the  emendations  ar-^^«^"^ 
additions  made  in  the  first  survey,  were  re-examined  in  detail,  am^Kr  nd 
were  then  submitted  to  Counsel.  They  were  then  discussed  at  ^  ^" 
Ordinary  General  Meeting  of  the  Institution,  and  were  then  reco 
sidered  by  the  Committee  and  again  submitted  to  Counsel,  and  Is 
before  the  Council  of  the  Institution.  The  form  of  General  Conditic 
hereto  subjoined  is  that  agreed  to. 
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DEFINITION   OF  TERMS— 

I. — In  construing  these  Conditions  and  the  annexed  Specification, 
the  following  words  shall  have  the  meanings  herein  assigned 
to  them  : — 


Here  fill 
the    full 
of   the 
chasers. 


The  '*  Purchasers  "  shall  mean  ''' 

and  shall  include  their  legal  personal  representatives',  successors 
and  assigns. 


Here  fill 
he  name 
he  Engi- 


The  "Contractor"  shall  mean  the  Tenderer  whose  tender  shall 
under  these  conditions  be  accepted  by  the  Purchasers,  and  shall 
include  his  legal  personal  representatives  and  assigns. 

The  "  Engineer  "  shall  mean  Mr.  f  ,  or  other 

the  Engineer  for  the  time  being,  or  from  time  to  time  duly  autho- 
rised and  appointed  in  writing  by  the  Purchasers  to  superintend  the 
construction  and  erection  of  the  work  or  works  the  subject  of  the 
Contract. 


"  Work  "  or  "  Works  "  shall  mean  and  include  work  to  be  done 
and  plant  and  materials  to  be  provided  by  the  Contractor  under  the 
Contract,  and  where  appropriate  according  to  the  context  "Work" 
or  "  Works "  as  used  in  these  Conditions  shall  include  or  denotes^ 
plant  and  materials. 
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The  ^* Contract"  ^hall  mean  the  agreement  to  be  entered  into 

between  the  Contractor  and  the  Purchaser  under  Clause  loof  these 
Conditions,  and  shall  inchide  the  General  ConditionSj  Sjuxiriciition^ 
Drawings,  Fonii  of  Tender  and  Schedule  of  Prices, 

The  **  Specilication "  shall  mean  tlie  specification   annexed   to 
these  General  Conditions. 

The   *'Site''  shall   mean   the  Site    of    the    Klectricity    Works, 
situate  in 

IHcre  0vf  full  description  of  locaUiy.^ 


where  work  is  to  1^  exe- 


and  any  other  place  in  the  said 
cuted  under  the  Contract* 

*'  Writing  "  shall  mean  any  written,  typed  or  printed  statement 
under  or  over  signature  or  seal  as  the  cast?  may  be. 

Words  importing  the  singular  shall  also  import  the  plural  and 

AWINGS  ISSUED  WITH  SPKCIFICATION— 

_       2. — The  Drawings  issued  with  the  Specification  are  ennuieratcd 
B  under  the  different  Sections  to  which  they  refer.    They  will  be 
issued  only  to  Tenderers  under  these  Sections. 

PUNDATIONS  AND  BUILDERS^  WORK— 


builders'  work  generallj  will  be  provided  by  the  Purchasers. 
^^  OF  CRANE— 


I 


4, — ^Each  Contractor  for  plant  to  be  erected  in  the  Engine  House 
will  be  permitted  for  the  purposes  of  the  Contract  to  use,  free  of 
charge,  but  at  his  own  risk,  and  entirely  under  the  directions  of 
the  Engineer^  the  -ton  overhead  crane  in  the  Engine  House, 

but  each  Contractor  will  be  required  to  leave  the  same  in  as 
good  a  condition  as  he  finds  It,  fair  wear  and  tear  exceptedj  and 
tie  shall  not  so  use  it  as  to  hinder  or  interfere  with  the  use  thereof 
by  the  Purchasers  or  any  other  Contractor* 

'E— 

5. — Proper  access  will  be  provided  by  the  Purchasers  to  the 
place  where  the  work  is  to  be  executed. 

There  will  be  (or  will  not  be)  a  Railway  siding  of  feet  gauge 
On  to  the  Site*  J 

^2srDERRR'S  SPECIFICATION— 

■  6. — The  Tenderer  is  required  to  fill  in  the  details  of  his  Tender 

■  in  the  spaces  provided  for  the  purpose  at  the  end  of  each  Section 
of  the  Specification.  Sucli  statement  will  be  accepted  iti  llevi  Qt  ^ 
detailed  sped H cation,  hut  the  tenderer  is  at  UbcrtY  ^^  ^^^  '^^'^'^ 


t  Full  in- J 
fomialjou  HA 
1-i   Uie    Siite 
and  point  or  . 
points  of  ac-  J 
ctss  tbcsretol 
should       bt ' 
jict  forth  by 
the  EnglnEcr 
111  LhlsCliiu^e 
or    in    niom^ 
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details  that  he  may  d^em  desirable^  and  in  the  event  of  his  doing 
so  shall  print  or  type  the  same  and  annex  the  added  matter  to  the 
Specification  rctnrned  b^"  him,  but  siicti  additional  detail!:^  shall  not 
be  binding  on  the  Pnrcha.sers  unless  they  are  approved  by  them 
and  incorporated  in  the  contract- 


hnt  the  ad- 

QvitingTt^n- 
'dera  Bnould 
rioUfy  a  suit- 
able' place 
where  the 
GeneralCon- 
ditioDi^Spec' 
ificiitlon  and 

tiay  be  til- 
>ected,  ^nd 
hoiild  giVL- 
luch  parti  c- 
lllrtna  af  th£ 
slssEof  pliint 
gipd  npparri' 
required 
nnder  each 
icction  A^ 
A'ill  eo^ible 
l^ontracthig 
Unns  to  de- 
dde,  uilbout 
^btainini; 
Ihu  Spec' 
I  fi  c  a  t  i  0  ti  p 
f  ti  e  t  h  e  r 
^hey  arc  able 
"tendefr 
nd  ahouM 
^.Blso  state 
"^thtf  amount 
of  Iht  De- 
posit to  be 
paid  for  the 
GtiicralCon- 
dit|oniSi,Spec- 
dticatlon  and 
Drawinjijs. 


DRAWINGS  TO  ACCOMPANY  TENDER—  " 

7. — The  Tenderer  m«st  submit  with  his  Tender  the  drawings 
enumerated  in  the  section  for  which  he  is  tendering,  drawn  to  35 
large  a  scale  as  is  convenient.  m 

Detailed  drawings  are  not  required  to  he  submitted  with  tli^ 
Tender  ;  but  if  the  Tenderer  wishes  to  call  special  attention  to  any 
detail  of  const  ruction  t  he  may  submit  a  drawing  of  the  same  with 
his  Tender.  All  drawings  and  samples  submitted  by  unsuccessful 
Tenderers  shall  be  returned  within  fourteen  days  of  the  date  of  tbc 
adjudication  of  the  Purchasers  upon  Ihe  Tenders. 

TENDERS^ 

8.— The  copy  of  the  Specification  herewith  supplied  to  each 
Tenderer  must  be  hi  led  up,  returned  intact,  together  with  the 
General  Conditions  and  Drawings,  sealed  and  marked  '^'enrier 
for  Electricity  Works/'  addressed  to 


and  must  he  received  by  him  before  p.m-  on  " 

The  Purchasers  reserve  to  themselves  the  right  of  accepting  a 
separate  Tender  or  separate  Tenders  for  any  one  or  more  of  tht^ 
Sections  of  the  Specifieationj  but  not  for  part  of  a  section. 

The  Purchasers  do  not  bind  themselves  to  accept  the  lowest  or 
any  Tender,  nor  will  they  be  responsible  for,  or  pay  for,  expenses 
or  losses  which  may  be  incurred  by  any  Tenderer  in  the  prepa^J 
rttion  of  his  Tender,  except  as  provided  by  Condition  10. 


i 


The  sum  deposited   by   the   Tenderer   on   application  for  the 
Specification  will  be  refunded  to  him  within  fourteen  days  of  the    1 
date  of  the  adjudication  upon  the  Tenders^  unless  in  any  case  ^"^  I 
Purchasers  on  the  advice  of  the  Engineer  shall  determine  that  the  1 
Tender  was  not  made  in  good  faith  ^  in  which  case  the  deposit  sh^^^ 
be  forfeited.     Extra  copies  of  the  Specification  and  General  C^^' 
ditions  may  be  supplied  by  the  Engineer  to  Tenderers  on  payiP^^ 
of  {five  shilUtigs)  per  set^  and  extra  copies  of  the  Drawings  at  ^ 
reasonable  price*    The  Engineer  shall  decide  whether  a  Tendcr£^ 
should  or  should  not  be  so  supplied. 


CONTRACTOR  TO  INFORM  HIMSELF  FULLY- 


enu*^* '    1 


9. — If  the  Contractor  shall  have  any  doubt  as  to  the  mean 
of  ftny  portion  of  the>se  General  Conditions  or  of  the  Spec ifi cat 
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lie  shallt  before  si^iung  the  CoiUnictt  tset  forth  llic  parljcular^ 
tlicreoft  and  stubtiiit  thcni  to  the  Engineer  in  wriling,  in  order  that 
such  doubt  may  be  removed, 

:OKTRACT  AND  BOND-^ 

lo. — ^The  Contractor  shall  enter  into  a  scale tl  Agreement  for  the 
proper  fulfihiient  of  the  Coiilrael,  ;md  provitle  two  Snretiei^t  or 
Grantors  of  an  Insnrance  or  Cinarantee  I'olicy,  wliose  names  shall  be 
set  out  in  the  Tender^  and  be  subject  to  the  approval  of  the  Pur- 
chasers, and  who  shall  execute  a  joint  and  several  bond  or  grant  an 
Insurance  or  Gviarantee  Policy  to  the  extent  of  lo  per  cent,  of 
lire  %'alue  of  the  Contract,  by  way  of  suretyship  for  the  due  and 
faithful  performance  of  the  Contract,  as  de lined  by  these  condi* 
lions,  such  suretyship  to  be  binding  notwithstanding  any  vanations, 
alterations,  directions,  or  extensions  of  time  to  be  made,  given, 
conceded,  or  agreed  under  these  conditions. 

The  required  agreement  and  instrument  of  ijtiretyiship  shall  be 
prepared  or  approved  by  or  for  the  Pure  I  lasers  ajid  they  shall 
forward  the  same  to  the  Contractor  not  less  than  thirty  days  from 
the  date  of  acceptance  of  his  Tender. 

In  case  the  Contfact  and  Bond  or  Security  sball  not  be  executed 
hy  the  Contractor  and  bis  Sureties,  Insurers,  or  Guarantors  re- 
spectively within  thirty'  days  after  the  same  shall  have  been  pre- 
sented to  the  Contractor  for  that  purpose,  the  Purchasers  slialJ  not, 
unless  they  think  fit^  be  bound  by  tlicir  acceptance  of  the  Tender, 
or  by  the  Contract,  but  the  same  shall,  at  the  option  of  the 
Purchasers,  be  absolutely  void,  and  if  the  Purchasers,  by  notice 
in  writing  to  the  intending  Contractor,  declare  the  same  to  be 
void,  the  Purcliasers  shalJ  not  be  Jiable  to  or  for  any  claim  or 
demand  from  the  Contractor,  in  respect  of  work  then  already 
done  or  materials  furnished,  or  in  respect  of  any  other  matter  or 
thing  whatsoever. 

In  case  the  Contract  shall  not  be  executed  by  the  Purchasers 
within  thirty  days  after  receiving  the  executed  portion  from  the 
Contractor,  the  Tenderer  shall  not,  unless  he  thinks  ht,  l>e  bound  by 
his  Tender,  but  the  same  shall,  at  his  option,  be  absolutely  void^  and 
if  the  Tenderer,  having  duly  complied  witii  these  conditions,  shall, 
by  notice  in  writing  to  the  Purchasers^  declare  the  same  to  be  void, 
I  he  Tenderer  shall  not  be  hable  to  or  for  any  chum  or  demand 
from  the  Purchasers,  but  the  accepted  Tenderer  shall  be  entitled 
to  be  repaid  the  proper  expenses  of  his  Tender,  together  with  any 
sum  or  sums  in  respect  of  work  then  already  done  or  materials 
furnished,  at  the  request  in  writing  of  the  Purchasers* 

The  expenses  of  completing  and  stamping  the  Contract  and 
Bond  or  Insurance  or  Guarantee  Policy  shall  be  paid  by  the  Pur- 
chasers, and  the  Contractor  shall  be  furnished  with  an  executed 
comiterprni  t//  lite  tonUaci. 


254  INSTiTUTlON   OF   ELECTRICAL    ENGINEERS, 

CONTRACT  DRAWINGS-" 

It. — The  Contractor  sliall  siibQiitj  for  the  Engin^urs  approval, 
H  preliminary  set  of  the  drawiii^sset  out  under  each  Section  of  tht^ 
Speeitication,  by  the  dates  lliereiu  indicated. 

Within  fourteen  days  of  the  receipt  of  the  preiiminar}'  \iti  of 
drawing:s  the  Engineer  must  signify  his  approval  or  otherwise  of 
the  same. 

Within  fourteen  days  of  the  notification  by  the  Engineer  to 
the  Contractor  of  his  approval  of  the  prelimJuary  set  of  drawings, 
two  additional  setSj  in  ink  on  tracing  cloth  or  ferrogallic  prints 
mounted  on  cloth^  of  the  drawings  ;ts  approved  shall  be  supphed 
to  him  by  the  Contiactor  and  be  signed  by  him  and  by  the 
Contruetor  respectively  and  be  thereafter  deemed  to  be  the 
"'Contract  Drawings/' 

These  drawings  when  so  signed  shall  become  the  properly^  of  tUc 
Purchasers  and  be  deposited  with  the  Engineer,  and  shall  not  be 
depiuled  from  in  any  way  whatsover  except  by  the  written  order  of 
the  Eiigmeer  as  hereinafter  provided.  During  the  cxecittton  of 
the  workii  one  of  Ihc  sets  of  drawings  shall  be  available  for  reference 
on  the  site. 

In  the  event  of  the  Copiractor  desiring  to  possess  a  signed 
set  of  drawings,  he  may  submit  three  sels^  and  in  this  case  the 
Engineer  will  sign  the  third  set  and  return  the  same  to  the 
Contractor. 

I1ic  Con  trad  or  shall  supply  from  time  to  time  such  additional 
drawings  of  any  details  as  the  Engineer  iuay  deem  iiecesiiar)' 
for  the  execution  of  the  worlc,  but  the  Contractor  shall  not  he 
called  upon  to  furnish  drawings  of  constructionid  dctTils  further 
than  those  which  in  the  opinion  of  the  Engineer  are  required  for 
the  purposes  of  the  Contract. 

The  Engineer  shall  have  the  right,  at  all  reasonable  timei-i  lo 
ijispect,  at  the  works  of  the  Contractor,  drawings  of  any  portion 
of  the  work. 

If  the  Contractor  shall  not  submit  the  drawings  within  the  tiuie 
specified^  or  subsequently  withiii  seven  days  after  the  Purcha^jers  or 
the  Engineer  shall  in  writing  have  required  him  so  to  do,  and  if  tli^ 
delay  shall  not  have  been  occasioned  by  the   Purchasers  or  tb^ 
Engineer,  or  any  other  Contractor,  or  other  reasonable  cause,  tta^ 
Purchasers  may  notify  in  writing  to  the  Contractor  that  they  w^^^ 
not  be  bound  by  the  Contract,  and  on  such  notification  the  Contra*^^ 
shall  be  avoided  and  the  Purchasers  shall  not  be  liable  to  or  f<^^ 
any  claim  or  demand  from  the  Contractor  in  respect  of  work  th«^  ^^ 
alrejidy  done  or  material  furnished,  or  in   respect   of  any  otti 
nmtter  or  thing  whatever. 
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Or,  tdkmaiivtfyt  the  Purchasers  may,  at  their  option,  maintain 
the  Coiitiiict,  ajid  in  such  case  the  Contractor  shall  pay  or  allow 
lo  thciu  ill  account  all  expeutst^s  incurred  by  such  dcfaulL 

RAWINGS  OF   F0UNDAT10MS-- 

12, — Whcru  Foundations  are  necessarVi  the  Contractor  shall 
supply  the  Engineer  with  Drawings  of  the  Foundations  nt:cessaiy 
for  his  Plant,  such  Foundations  being  provided  by  the  Purchasers 
(see  Clause  3).  The  Contractor  shall  insure,  by  means  of  tem- 
plates, the  conect  position  of  tlie  foundation  bolts  and  other 
details. 


DEFECTS  IN  CONTRACTOR'S  DR^\WING&- 

13. — The  Contractor  shall  he  responsible  for  any  mistake 
that  may  arise  from  any  defect  in  the  drawings  supplied  by  him, 
and  for  any  costs,  damages,  or  expenses  which  may  be  sustained 
or  incurred  by  the  Purchasers  by  or  in  consequence  of  an}'  such 
mistake,  unless  such  drawings  sliall  have  been  approved  and 
signed  by  the  Engineer, 


OKAWINGS  OF  COMPLETED  WORKS-^- 

14, — Within  one  month  of  the  taking  over  of  the  plant  under 
Clause  41,  and  of  the  receipt  of  a  list  from  the  Engineer  of 
working  drawings  of  such  portions  of  the  plant  as  may  reasonably 
be  required  for  the  future  nsc  of  those  in  charge  of  the  Works, 
the  Contnictor  shall  supply  the  same  at  the  cost  of  production, 

^^Ub-LETnTNt;  OF  CONTRACT- 
IS. — ^The  Contractor  stiall  not,  without  the  consent  in  writing 
of  the  Engineer^  assign  his  Contract,  or  any  subslanlial  part 
thereof,  nor  under- let  the  same  or  any  substantial  part  thereof, 
nor  make  any  sub-contract  with  any  person  or  persons  for  the 
ejjecution  of  any  portion  of  the  w^orks  other  than  for  raw 
materials,  for  minor  details,  or  for  any  part  of  the  w^ork  of  which 
the  makers  are  named  in  the  Contract* 

t*PROVED  APPARATUS— 

^  16, — ^In  all  cases  where  plant  or  apparatus  of  '*  approved  "  type 
or  make  is  required  by  the  terms  of  the  specification,  the 
Engineer's  approval  thereof  in  writing  must  be  obtained  before 
ijuch  plant  or  apparatus  is  constructed  or  ordered,  provided  that 
if  the  Contractor  shall  have  submitted  with  his  tender  drawings 
of  the  appaiatus  which  he  has  included  in  his  tender  or  other w\^s*i 
shall  have  described  the  same  in  detail,  the;  E,ngit\e^ic  'sV-aXV  t\c>X 
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have  the  right  to  demand  other  plant  or  apparatus  uf  a  greuler 
value  than  that  so  drawn  or  described. 


NOTICES— 

17.— AH   notices    to    the    Contractor   for   the    purposes  of  iht 
Contract    and    these    General    Couditiouii,    nhall    tie    sufRcieiilly 
authenticated  if  tiigned  by  tlie  Purcliasers  or   by  the  Engjiit-er ; 
all  notices  from  the  Purchasers  to  the  Contractor,  aod  froiu  ttiu 
Contractor  to  the   Purchasers  shall   be  served  respectively  upon 
them  personally,  or  by  letter  addressed  to  tlie  places  of  businessS 
respectively  named  in  the  Contractj  and  any  notice  by  letter  shall 
be  deemed  to  have  been  duly  served  at  the  time  when  the  lett<3r 
containing  the  same  would  be  delivered  in  the  ordinary  course  aU 
post,  and  in  proving  such  service  it  shall  be  stiflieient  to  prove  tHi-it 
the  notice  was  properly  addressed  and  posted.     Provided  alwa.>s 
that  i(  the  Contractors  or  the  purchasers  respectively  iihallj  after 
the  Contract  shall  have  been  entered  into,  change  his  or  their  pkicc 
of  business  and  shall  notify  such  change  to  the  other  of  them     iii 
writing,  all  future  notices  if  scut  by  letter  shall  after  the  receipt    of 
such  notiti cation  be  addressed  to  such  new  place  of  business. 


PAIENT   RIGHTS- 


18. — The  Contractor  shall  fully  indemnify  the  Purchasers  agaii'Mst 
any  action^  claim  or  demand,  costs,  or  expenses  arising  from  or 
incuiTed  by  reason  of  any  infringement  or  alleged  infringemt^nL 
of  letters  patent,  trade  mark  or  name,  copyright  or  other  pi^^; 
teeted  rights,  in  respect  of  any  plant,  work,  material  or  thi  i^^^ 
system  or  method  of  usmg,  fixing,  working  or  arrangement  u:^*-'^' 
or  lijced  or  supplied  by  the  Contractor,  but  such  iudenmiiicati*^^^ 
shall  not  be  operative  in  respect  of  any  system  or  method  of  1^*^^ 
that  may  be  specifically  mentioned  by  the  Specification.  All  p*»y' 
ments  and  royalties  payable  in  one  sum  or  by  instalments  or  othi  *^''' 
wise  shall  be  included  by  the  Contractor  in  the  prices  named  in  1^^'^ 
Tender,  and  shall  be  paid  by  him  to  those  to  whom  they  may  ^ 
due  or  payable. 

f  u  the  event  of  any  claim  being  made  or  action  brought  agat  «''^^ 
the  Pu re  1  lasers  in  respect  of  any  such  matters  as  aforesaid,  *-  ''^ 
Contractor  shall  be  immediately  notilied  thereof,  and  he  shalJ,  i^ril^i 
the  assistance,  if  necessary,  of  the  Purcliasers,  but  at  bis  i^<^^^ 
expense,  conduct  all  negotiations  for  the  settlement  of  the  sar^^*^'f 
or  Lmy  litigation  that  may  ariiiC  therefrom. 


MANNER  OF  EXECUTION,  QUALITY  OF  MATERIAL,  Etl^- 

19, — The   plant   is  to  be  manufactured,  constructed,  provicl«^| 
erected  in  position,  and  maintained  in  accordance  with  the  Coo- 
tract,  in  the  best  and  most  substantial  and  workmanlike  inanii<^^* 
and,  unless  otherwise  specilied,  with  uiaterials  of  the  best  ai'tJ 
iuo^i  approvcti  tiualities  for  llveic  res^iective  uses. 


PORM   of  model  GEKERAL  CONDltlQKS,  36t 

)WER  TO  VAKY  OR  OMIT  WORK— 

20, — The  Contractor  shall  not  alter,  in  any  waywhatsjOevcTi  any 
of  the  work,  except  as  directed  m  writing  by  the  Enjk;ineer  ;  but 
the  Engineer  shall  have  full  power  from  tinic  to  time  during  the 
exec  lit  ion  of  the  Contract  to  alter ,  amend,  omit,  or  otherwise  vary 
any  of  the  work,  without  in  any  way  uf fee  ting  or  vitiating  the 
Contract,  and  the  Contractor  shall  carry  out  stich  alterations* 
amendments,  omissions,  variationSj  or  directions,  and  be  bound 
by  the  same  conditions,  as  far  as  applicable,  as  though  the  said 
alterations,  amendmenti**  omissions^  variations,  or  directions  oc- 
curred in  the  Contract*  The  difference  of  cost,  if  any,  occasioned 
by  any  such  alterations,  amendments,  omissions,  variations,  or 
directions,  shall  be  added  to  or  deducted  from  the  Contract  Price 
as  the  case  may  require.  The  amount  of  such  difference,  if  any, 
shall  be  ai<;ertained  and  determined  in  accordance  with  the  rates 
specified  in  the  Schedules  of  Prices,  so  far  as  the  same  may  be 
applicable,  and  where  the  rates  are  not  contained  iji  the  said 
Schedules,  or  are  not  applicablej  they  shall  be  settled  by  tht; 
Engineer  and  Contractor  jointly.  But  the  Purchasers  shall  not 
become  liable  for  the  payment  of  any  charge  in  respect  of  any 
auch  alterations,  ainenchiients,  valuations,  or  directions  unlesij  the 
instruction  for  the  performance  of  the  s;ime  shall  have  been 
given  in  writing  by  the  Engineer^  nor  unless  such  instruction 
shall  state  that  the  matter  thereof  is  to  be  the  subject  of  an  extra 
or  varied  chai^gc,  nor  unless  the  particulars  of  his  claini  shall  be 
ijet  forth  in  writing  by  the  Contractor,  and  furnished  to  the 
Purchasers  within  thirty  days  after  the  execution  of  the  same  ; 
but  subject  to  these  conditions  t>eing  duly  complied  with^  the 
Purchasers  shall  be  bound  by  such  particulars  unless  they  or  tiie 
Engineer  object  thereto  in  writing  within  thirty  days  after 
dehvery  thereof. 

In  the  event  of  the  Engineer  requiring  to  dispense  with  or  add 
to  any  part  of  the  plant  or  works  to  be  done  under  this  Contract 
such  reasonable  and  proper  notice  shall  be  given  to  the  Con- 
tractors as  will  enable  them  to  make  their  arrangements  accordingly* 

Unless  the  Contractor  shall  otherwise  agree  in  writings  the  total 
6um  of  money  set  out  in  the  Conti-act  shaO  not  be  affected  by 
such  alterations,  amend ments,  omissions,  variations,  or  directiona 
to  the  extent  of  more  than  10  per  cent,  of  the  amount  of  the  Con- 
tract* Provided  always  that  in  cases  where  goods  or  materials 
me  already  prepared,  or  any  matter  or  patterns  made  or  work  done 
thai  require  to  be  altered  in  respect  thereof,  a  reatjonabk  sum  sliall 
Ije  allowed  by  the  Engineer, 


^GLIGENCE-- 


EL 
ai.— If  the  Contractor  shsill  fail  to  execute  t\\e  vioyV  N?fl\^\  6.\it 
iBgcncG  a/jd  expedition,  or  aliall  refuse  or  neglect  \sy  com'^iV^  -^i&v 
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any  orders  given  him  in  writing  by  the  Eii^oecr,  or  shall  fail  to 
ifxccute  any  other  matter  stipulated  in  the  Contract,  or  shall 
contravene  the  provisions  of  the  Contract,  the  Purchasi;ers  shall, 
after  seven  days'  notice  to  the  Contractor,  in  wTitingj  be  at  liberty 
to  employ  other  workmen,  and  forthwith  perform  such  work  as 
the  Contractor  may  have  failed  to  do,  or,  if  the  Purchasers  shall 
think  6t,  it  shall  be  lawful  for  them  to  take  the  works  wholly, 
or  in  partj  out  of  the  Contractor's  hands  and  re*contract  with  any 
other  person  or  pert^ons,  or  provide  any  other  materials^  tools, 
tackle,  or  labour  for  the  purpose  of  cotopleting  the  works  or  any 
part  thereof,  and  the  Purchasers  shall,  without  being  responsible 
to  the  Contractor  for  fair  wear  and  tear  of  the  same,  have  the  free 
use  of  all  the  materials,  tools,  tackle,  or  other  things,  the  property 
of  the  Contractor^  which  may  be  on  the  site,  for  use  at  any  time  in 
connection  with  the  work,  to  the  exclusion  of  any  right  of  the  Con- 
tractor over  the  same* 

If  the  cost  of  completing  the  works  exceed  the  balance  due  to 
tlie  Contractor,  the  said  materials,  tools,  tackle,  or  other  things 
may  be  sold  by  the  Purcliasers,  and  the  proceeds  applied  towards 
the  payment  of  auch  difference.  Any  outstanding  balance  existiug 
after  crediting  the  proceeds  of  such  sale  shall  be  paid  by  the 
Contractor  on  the  certificate  of  the  Engineer,  but  wiien  all  ex- 
penses, costs,  and  charges  incurred  iji  the  completion  of  the  work 
are  paid  by  the  Contractor,  all  such  materials,  tools,  tackle,  or 
other  things  shall  be  removed  by  the  Contractor. 


I 


I 
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D  E  AT  H ,      BAN  KRU  PTCY, 
Tl^CTl  NO- 


ASSIGNMENT,      AND     SUB'CON- 


22. — The  conditions  and  penalties  in  favour  of  the  Purchasers 
contained  in  the  last  preceding  condiLion  may,  subject  as  herein- 
after providedj,  be  enforced  by  the  Purchasers  if  the  Contractor 
die,  go  into  liquidation,  become  bankrupt  or  insolvent,  or  have  a 
receiving  order  made  against  him,  or  compound  with  his  creditors, 
or  propose  any  composition  to  his  creditors  for  the  settlement 
of  his  debts,  or  assign  his  Corilrxict  without  the  consent  of  the 
Purchasers,  or  if  t!ie  Contract  become  vested  in  imy  other  person, 
or  if  he  commit  any  act  of  bankruptcy,  or  carry  on  his  business 
under  an  Inspector  or  a  Receiver  for  the  benefit  of  his  creditors, 
or  permit  any  execution  to  be  levied  on  his  property,  or  if  he  sub- 
contract for  any  portion  of  the  work  otherwise  than  as  provided  in 
Clause  15.  Provided  that  the  consent  of  the  Purch aiders  to  an 
assignment  of  the  Contract  shall  not  be  unreasonably  withheld. 
In  the  case  of  the  death,  liquidation,  insolvency,  or  other  disability 
or  act  as  aforesaid  of  the  Contractor,  his  executors  or  other  repre- 
sentatives in  law  of  his  estate  shall  have  the  option  of  carrying  out 
the  Contract  subject  to  tb^  E,xi^cutots  ^tCk\H!^\\\^  ^^icXv  additional 


I 
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surety  as  may  be  required  by  Ihc  Purchasers  as  will  bring  the 
amount  of  the  !>urety  up  to  the  Cou tract  value  of  the  work  for  thu 
time  being  remaining  unexecuted. 


INSPECTION  AND  TESTING  AT  MAKERS  WORKS— 

23. — The  Engineer,  and  his  duly  authorised  representative, 
shall  liave  at  all  reasonable  times  access  to  the  Contractor's  Works, 
and  shall  have  the  power  at  all  reasonable  times  to  inspect» 
examine,  and  test  the  materials  and  workmanship  of  the  plant 
during  its  manufacture  there ;  and  if  part  of  the  plant  is  being 
niatiufaeturcd  on  other  premiseSj  the  Contractor  shall  obtain 
for  the  Engineer  and  for  his  duly  authorised  representative 
permission  to  inspect  as  if  the  plant  were  manufactured  on  his 
ow^n  premises. 

The  Engineer  shall,  on  giving  fourteen  days'  notice  in  writing 
of  his  grounds  of  objection,  have  liberty  to  reject  all  or  any 
materials,  plant  or  workmanship,  which  in  his  opinion  are  not  in 
accordance  with  the  Contract,  or  are  defqi^tive  for  any  reason 
whatever,  and  such  rejection  shalli  be  operative  at  the  expiratbn 
of  such  notice,  provided  that^  if  notice  of  any  such  rejection, 
setting  forth  the  reason  for  such  rejection,  be  not  sent  to  the 
Contractor  within  fourteen  days  after  the  grounds  upon  which 
such  rej coition  is  based  have  come  to  the  knowledge  of  the 
Engineer^  he  shall  not  be  entitled  to  reject  the  said  materials,  plant 
or  workmanship  on  these  grounds. 

The  Contractor  sh:dl  give  the  Engineer  not  less  than  seven 
days*  notice  of  any  material  being  ready  for  testing,  and  unless 
otherwise  arranged^  the  Engineer,  or  his  representative,  shall  pro- 
ceed to  the  Contractor's  Works  within  three  days  of  the  date  on 
which  the  material  is  notified  as  being  ready  ',  failing  which  visit 
the  Contractor  may  proceed  with  the  tests,  and,  in  the  absence 
of  the  Engineer,  the  tests  shall  be  taken  as  if  they  were  made  in 
his  presence. 

"^STIHG  APPARATUS" 

24.— In  all  cases  where  the  Contract  provides  for  tests,  whether 
at  the  works  of  the  Contractor  or  the  sub-contractor  or  on  the  site, 
the  Contractor^  except  w^here  otherwise  specified,  shall  provide, 
free  of  charge,  such  labour,  materials,  chemicals,  coal,  oil,  w^astc, 
apparatus,  and  instruments  as  the  Engineer  may  consider  requisite 
from  time  to  time,  and  as  may  reasonably  be  demanded,  to  effi- 
ciently test  the  Plant,  material  or  workmanship,  in  accordance 
with  the  Contract^  and  shrill  at  all  times  give  Jfacihties  to  the  En- 
gineer or  to  his  authoristsd  representative  to   accomi5iY\'i=\\  >>^^\v 
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Tlic  apparatus,  instrumcntb,  unused  material,  and  apparatus  so 
provided  by  the  Contractor  sliall  remain  the  property  of  the  Con- 
tractor. 

In  the  case  of  Cable  contracts,  current  for  tests  on  site  shall  be 
supplied  free  to  the  Contractors  at  the  pressure  of  the  ordinary 
Mipply. 

DELIVERY  OF   MATERIALS— 

25. — No  Plant  or  materials  bhall  be  forwarded  until  an  intimation 
in  writing  shall  have  been  given  to  the  Contractor  by  the  Engineer 
that  the  Purchasers  are  ready  to  take  delivery. 

If  the  Purchasers  withhold  the  forwarding  of  instructions  so  as 
to  prevent  the  Contractor  giving  delivery  by  the  dates  stipulated 
in  the  Contract,  the  Purchasers  shall  bear  the  cost  of  the  storage 
and  protection,  including  lire  insurance,  of  the  Plant  and  materials, 
and  make  payments  therefor  as  if  delivery  had  been  given,  pro- 
vided that  possession  thereof  and  the  property  therein  be  duly 
secured  to  the  Purchasers. 

ACCESS  TO  SITE— 

26. — In  the  execution  of  the  work,  no  persons  other  than  the 
Contractor,  or  his  duly  appointed  Superintendent,  sub-Contractors 
and  Workmen,  shall  be  allowed  to  do  work  on  the  site,  except  by 
the  special  permission,  in  writing,  of  the  Engineer,  but  access  to 
the  works  at  all  times  shall  be  accorded  to  the  Engineer  and  his 
representatives,  and  other  officials  or  representatives  of  the  Pur- 
chasers. 

MATERIALS  BROUGHT  ON  TO  THE  SITE- 

27. — The  Contractor  shall  provide  all  materials,  labour,  haulage 
power,  tools,  tackle,  and  plant  of  every  description,  necessary  to 
execute  and  complete  the  works  in  an  efficient  and  satisfactory 
manner.  All  such  materials,  plant,  tools,  and  tackle  (except  as 
provided  by  Clause  24  with  regard  to  instruments  and  apparatus 
for  testing  and  empty  drums  and  packing  cases),  brought  to  and 
delivered  upon  the  site  for  the  purpose  of  the  work,  shall,  from 
the  time  of  their  being  so  brought,  vest  in  and  be  the  property 
of  the  Purchasers  until  the  completion  of  the  Contract,  when 
the  property  in  any  surplus  materials,  and  in  the  plant  and  tools, 
shall  revert  to  the  Contractor,  unless  there  shall  be  due,  owing  to, 
or  accruing,  or  to  accrue,  from  the  Contractor  to  the  Purchasers, 
any  money  or  moneys  under,  or  in  respect  of  or  by  reason 
of  this  Contract,  in  which  case  the  Purchasers  shall  be  at  liberty 
to  sell  and  dispose  of  such  surplus  materials,  plant  and  tools  as 
they  shall  think  fit,  and  to  apply  the  proceeds  in  or  towards  the 
buiisfHction  of  such  money  or  moneys  so  due,  owing  or  accruing, 
or  to  accrue  to  them  as  aioresaid. 
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If  appJjcatiou  be  made  to  the  Engineer  by  the  CoJitractori  he 
mav  at  any  time  permit  the  removal  of  such  niachinen\  plantp  tools, 
and  tack:le  as  may  not  be  reqoired  for  the  execution  of  work  under 
tliis  contract,  or  whicb  may  be  reqtiircd  by  the  Contractor  for  uses 
elsewhere. 


HlUJGINEER^S  SUPERVISION— 

28.— AH  the  works  are  to  be  carried  out  under  the  direction, 

control,  and  to  the  entire  satisfaction  in  every  respect  of  the 
Engineer  ;  but  Ihe  Contractor  shall  be  responsible  for  the  accuracy 
of  his  work,  and  no  plea  as  to  the  acts,  order,  or  general  super- 
vision of  the  Engineer  otiierw*ise  than  instructions  given  by  him 
in  wTiting  will  be  admitted  in  justification  of  any  errors  of  con- 
*;trnction  or  lixiug* 

^^^NGIXEERS  DECISIONS^ 

39. — ^Iti  respect  of  all  matters  which  are  left  to  the  decision 
or  certificate  of  the  Engineer,  the  Engineer  shall,  if  required  so  to 
do  by  the  Contractor^  give  in  writing  a  deci^iion  thereon,  and  his 
reasons  for  such  decision,  or  if  he  shall  withhold  any  certificate 
then  his  reasons  for  so  doing.  All  decisions  of  the  Engineer 
shall  be  subject  to  the  right  of  arbitration  reserved  by  these 
conditions. 


CONTRACTOR'S  SUPERINTENDENT  AND   WORKMEN— 

3a — The  Contractor  shall  constantly  employ  at  least  one  com- 
petent Superintendent  to  superintend  the  erection  of  the  plant^and 
the  carrying  out  of  the  works*  The  s^kl  Supcrintcjident  shall  be 
present  on  the  site  durijig  working  hours,  and  sliall  be  prepared 
to  receive  from  time  to  time  orders  and  instructions  from  the 
Engineer  or  his  duly  authorised  representative. 

The  said  Superintendent,  if  objected  to  by  the  Enghieer;  on 
account  of  incapacity,  misconductj  nr  negligence,  shall  be  removed 
by  the  Cojitracl:or,  and  the  Contractor  shall,  after  receiving  formal 
ohjection  in  WTitiug,  forthwith  replace  him  by  another  Snperin- 
tcudcnt,  competent  to  fulfil  his  duties. 


Tlie  Engineer  shall  be  at  liberty  to  object  to  any  person  em- 
ployed by  the  Contractor  in  the  execution  of  or  otherwise  about 
the  works  who  shall,  in  his  opinion,  misconduct  himself  or  be  in- 
competent or  negligent,  and  the  Contractor  shall  fortliwith  remove 
the  person  so  objected  to,  and  if  necessary  replace  him  by  a 
satisfactory  person  who  sliall  be  the  scrvanlo^  a\\d  Victc\\\>ivvi^'aLVyii. 
by  the  Contmctor. 
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LIABILITY  FOR  ACCIDENTS  AND   DAMAGE^ 

31.— The  Contractor  shall  properly  cover  up  and  protect  such  of 
the  work  as  may  be  liable  to  sustain  injury  by  exposure.  He  shall 
also  take  every  neces.sary^  propter,  timety  and  useful  precaution 
against  accident  or  injury  to  the  plant,  and  shall  be  and  remain 
answerable  and  liable  for  all  losses^  damages  or  injur)'  which* 
during  the  progress  of  the  work,  and  until  it  be  taken  over  under 
Clause  4I1  may  arise  or  be  occasioned  by  the  acts  or  omissions 
of  the  Contractor  or  his  servants^  but  not  for  any  subsequent  con- 
sequential loss  or  damage,  nor  for  any  breakage  or  injury,  wholly 
or  partially  caused  by,  or  arising  from,  the  acts  of  the  Purchasers 
or  others,  or  due  to  circumstances  over  which  the  Contractor  has 
no  control;  and  all  such  losses,  damages^  or  injuries^  if  sustained 
by  the  Purchasers,  shall  be  made  good  in  the  most  complete  and 
substantial  manner  by,  and  at  the  sole  cost  of  the  Contractor,  and 
to  the  satisfaction  of  the  Engineer,  and  the  Contractor  shall 
indemnify  the  Purchasers  against  all  claims  and  demands  in 
respect  of  such  losses,  damages,  or  injuries,  if  sustained  by  any 
other  person  or  persons. 

The  Contractor  shall  likewise,  until  the  Plant  shall  have  been  taken 
over  under  Clause  41,  indemnify  and  save  harmless  the  Purchasers 
against  actions,  suits,  claims^  demands,  costs  or  expenses  arising  in 
connection  with  the  Works  under  the  Workmen's  Compensation 
Act,  1S97,  and  any  other  statute  in  force  at  the  date  of  the  Con- 
tract dealing  with  the  question  of  the  Habihtv'  of  employers  for 
injuries  sustained  by  employees. 

In  the  event  of  any  claim  being  made,  or  action  brought  against 
the  Purchasers  arising  out  of  the  matters  referred  to  in  this  Clause^ 
the  Contractor  shall  be  immediately  notified  thereof,  and  he  shall, 
*  with  the  assistance  if  necessary  of  the  Purchase rs,  but  at  bis  sole 
expense,  conduct  all  negotiations  for  the  settlement  of  the  same,  or 
any  litigation  that  may  arise  therefrom.  The  Purchasers  will,  at 
the  expense  of  the  Contractor,  afford  all  available  assistance  for 
any  such  purpose. 


REPLACEMENT  OF   DEFECTIVE    WORK    OR    MATERIALS— 

32*—If  diu'ing  the  progress  of  the  work  on  site,  the  Enghiecr 
shall  decide  and  notify  in  writing  to  the  Contractor  that  the  Con- 
tractor has  executed  any  unsound  or  imperfect  work,  or  has  sup- 
plied any  plant  or  materials  of  inferior  quality  to  those  specified, 
the  Contractor  shall  at  his  owm  espense^  within  twx'uty-four  hours 
of  his  receiving  the  notice,  proceed  to  alter,  re -con  struct,  or  remove 
such  work,  or  supply  fresh  materials  up  to  the  standard  of  the 
Specification,  and  in  case  the  Contractor  shall  fail  to  comply  with 
such  orders,  the  Purchasers  may,  without  further  notice,  remove 
ihe  work  or  materials  complained  of,  and,  at  the  cost  of  the  Con- 
tractor^  perform  all  such  work  or  «^ttpp\>j  'a.W  «;v\c\\  vwaXsiu^^, 
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FORM  OF  MODEL  GENERAL  CONDITIONS- 
DEDUCTIONS  FROM   CONTRACT   PRICE— 

33, — All  costs,  damages^  or  expenses  which  tbe  Purchasers  inay 
have  paidj  or  be  liable  to  pay^  or  which  shall  have  become  forfeited 
to  the  Purchasers  as  provided  for  by  these  Couditions  and  by  the 
Specification,  shall  be  paid  by  the  Contractor  to  the  Purchasers  on 
the  certificate  of  the  Engiiiecr»  or  if  not  so  pnid  may  be  deducted 
from  any  moneys  in  their  hands  due  or  becoming  due  to  the 
Contractor  under  the  Contract,  or  recovered  by  action  at  law,  or 
otherwise  from  the  Contractor. 


TERMS  OF  PAYMENT  AND  CERTIFICATES  OF  ENGINEER— 

34. — The  Contractor  shall  from  time  to  time  be  entitled,  upon 
the  Certificates  of  the  Engineerj  to  payments  by  the  Purcha!=icrs  by 
instalments  in  accordance  with  the  following  provisions:— 

L— As  the  Works  progress,  80  per  cent,  upon  the  Contract 
value  of  the  Work  from  time  to  time  delivered  or  executed  on 
the  site  to  the  satisfacdon  of  the  Engineer. 

II, — The  remaining  20  per  cent,  (referred  to  herein  as 
retention  money)  in  respect  of  each  distinct  Section  or  Part 
of  a  Section  of  the  works  as  follows  i— 


(a)  ro  per  cent,  at  the  expiration  of  one  month  after 
the  W^orks  shall  have  been  taken  over  by  the  Pur- 
chasers under  Clause  41  or  alternatively,  at  the  option 
of  the  Contract  or  f  at  the  expiration  of  one  month 
after  the  Works  shall  have  been  put  into  beneficial 
use  by  the  Purchasers. 

(b)  10  per  cent,  at  the  expiration  of  nine  months  after 
the  first  10  per  cent,  becomes  due  under  (n). 


W  No  part  of  the  "  Retention  Money "'  will  he  payable  at  the  time  at 

I  which  payment  of  the  same  ought  otherwise  to  be  made  under  tlie 
Contract,  unless  in  the  opinion  of  the  Engineer  the  Works  are  then 
in  good  repair  J  and  condition^  and  sound  working  order  j  fair  wear 
and  tear  and  accidental  injury  or  damage  by  persons  other  than 
the  Contractor's  servants  and  not  due  to  faulty  workmanship  or 
material,  excepted-  Provided^  however,  that  where  the  defects  are 
not  of  such  importance  as  to  affect  the  full  beneficial  use  of  the 
Works,  the  retention  of  the  whole  instalment  shall  not  be  insisted 
ouj  but  the  Purchasers  shall  be  entitled  to  retain  such  less  sum  of 
money  as,  in  the  opinion  of  the  Engineer,  represents  the  damage 
to  the  Purchasers  arising  out  of  incomplete  or  defective  details* 
Any  sum  retained  under  this  clause  wiU  become  dwc  w^otv  ^\Qi 
Bdjiistment  of  such  4^taih  to  the  satisfa^tiou  oi  the  T£>tv^\ufceiT , 
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Every  application  to  the  Engineer  for  a  Certificate  must  be 
accompanied  by  a  detailed  claim  (in  duplicate)  setting  forth  in  the 
order  of  the  Schedule  of  Prices,  particulars  of  the  work  executed 
to  the  date  of  claim,  and  the  Certificate  shall  be  issued  within  14 
days  of  the  application  for  same. 

Not  more  than  one  Certificate  shall  be  issued  in  any  one  month 
in  respect  of  the  same  section. 

The  Engineer  may  by  any  Certificate  make  any  correction  or 
modification  in  any  previous  Certificate  which  shall  have  been 
issued  by  him,  and  payments  shall  be  regulated  and  adjusted 
accordingly. 

DUE  DATES  OF  PAYMENTS— 

35. — Payments  shall  be  made  by  the  Purchasers  within  thirty 
days  from  the  date  of  each  certificate  of  the  Engineer. 

In  the  event  of  the  Purchasers  failing  to  pay  the  Contractor  any 
amount  certified  by  the  Engineer,  within  the  specified  period,  and 
in  accordance  with  the  Contract  the  Contractor  shall  have  the 
right,  on  giving  14  days'  notice  in  writing  to  the  Purchasers  or 
the  Engineer,  to  stop  all  operations,  and  the  expenses  incurred  in 
resuming  work  shall  be  paid  by  the  Purchasers  to  the  Contractor 
as  an  extra  over  and  above  the  amount  payable  under  the  Contract. 

CERTIFICATES    NOT  TO  AFFECT    RIGHTS    OF    THE    PUR- 
CHASERS OR  CONTRACTOR— 

36. — No  certificate  of  the  Engineer  on  account,  nor  any  sum 
paid  on  account  by  the  Purchasers,  shall  affect  or  prejudice  the 
rights  of  the  Purchasers  against  the  Contractor,  or  relieve  the 
Contractor  of  his  obligations  for  the  due  performance  of  the 
Contract,  or  be  interpreted  as  approval  of  the  work  done  or  of 
the  materials  supplied,  and  no  certificate  shall  create  liability  in 
the  Purchasers  to  pay  for  alterations,  amendments,  or  variations 
not  ordered  in  writing  by  the  Engineer,  or  discharge  the  liabilities 
of  the  Contractor  for  the  payment  of  damages,  whether  due,  ascer- 
tained or  certified,  or  not,  or  of  any  sum  against  the  payment  of 
which  he  is  bound  to  indemnify  the  Purchasers,  nor  shall  any  sucli 
certificates  affect  or  prejudice  the  rights  of  the  Contractor  against 
the  Purchasers. 


SUSPENSION   OF  WORKS— 

37. — The  Purchasers  shall  pay  to  the  Contractor  all  reasonable 
expenses  arising  from  suspension  of  Works  by  order  in  writing 
of  the  Purchasers  or  the  Engineer  vitvless  such  suspension  be  due 
to  some  default  on  the  part  oi  \\\e  Cotv\.t?\.cX.ot. 


FORM   OF   MODEL   GENERAL   CONDITIONS. 
lATES  OF  COMPLETION- 


S' 


I 


38.^The  Works  shall  be  completed  on  the  site  and  ready  for 
beneficial  use  or  for  testing  by  the  d^te  named  under  each  Section, 
or  by  such  other  date  (H  any)  as  may  he*  incorporated  in  the 
ContracL 

Provided  always  that,  if  by  reason  of  extra  vvork^  alterations 
irii  or  deviationi;  from  the  Specification,  directed  in  writing  by  the 
Engineer,  or  by  reason  of  the  suspensioo  of  the  works  under 
the  direction  of  the  Enginceri  or  of  nnnsual  inclemency  of  the 
weather,  or  b}^  reason  of  civil  commotion  or  general  or  local 
strikes,  or  lock-on ts,  or  combinations  of  workmen,  or  in  conse- 
quence of  lire  or  of  any  nnprcventable  accident  to  or  breakage 
of  machinery  in  the  manufactnrcrs*  premises  or  on  the  site,  causing 
a  delay  in  the  supply  of  plant  or  materiaJs  to  the  Contract or^  or 
by  reason  of  the  non-completion  of  a  Section  of  the  Contract 
executed  by  another  Contractor,  or  by  any  act  or  default  on  the 
part  of  the  Purchaser,  or  of  other  cause  beyond  the  reasonable 
control  of  the  Contractor,  or  by  any  delay  on  the  part  of  the 
Purchaser  to  give  forwarding  instructions  to  the  Contractor  under 
Clause  25,  the  Contractor  shall  have  been  unduly  delayed  or 
impeded  in  the  completion  of  the  work,  the  Engineer  shall, 
on  the  receipt  oi  a  written  request  from  the  Contractor, 
grant  from  time  to  time,  and  at  any  time  or  times,  b}--  writing 
under  his  hand,  such  extension  of  time^  either  prospectively 
or  retrospectively,  and  assign  such  other  day  or  days  for  the 
completion  as  to  him  may  seem  reasonable^  without  thereby 
prejudicing,  or  in  any  manner  affecting,  the  validity  of  the 
Contract,  and  any  and  every  such  extension  of  time  shall  be 
deemed  to  be  in  full  compensation  and  satisfaction  for,  and  in 
respect  of,  any  and  every  actual  and  probable  loss  sustained  or 
which  may  be  sustainable  by  the  Contractor  in  the  premises^  and 
shall  in  like  manner  exonerate  him  from  any  claim  or  demand  oji 
the  part  of  the  Purchasers  for,  and  in  respect  of,  the  delay 
occasioned  by  the  cause  or  causes  in  respect  of  w^hich  any  and 
every  such  extension  of  time  shall  have  been  made,  but  not 
further  or  otherwise,  nor  for,  or  in  respect  of,  any  delay  continued 
beyond  the  time  mentioned  in  such  writing  or  writings  respectively, 
provided  that  unless  such  request  be  made  within  two  weeks  after 
the  expiry  of  the  calendar  month  in  which  the  delay  existed  no 
such  extension  of  time  shall  be  giantcd* 

The  Contractor  shall  not  be  called  upon  to  commence  any  work 
which  is  of  a  nature  requiring  a  building  or  structure  for  the 
reception  or  efficient  installation  thereof,  and  wliich  building  or 
structure  is  by  the  Contract  to  be  provided  by  the  Purchasers, 
unless  and  until  such  building  or  structure  shall  be  in  a  condition 
suf^cient  for  the  reception  or  efficient  instaUation  of  the  Plant,  and 
the  Contr:ict  dnteof  completion  shall  be  extended  fan  |nssu  nkX'Cw 
//jfe  deMr  in  the  providmg  of  any  such  bmldmg,  or  ^UueVwv*;, 
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DAMAGES   FOR   DPXAY   IN   COMPLETION— 

39. — If  the  Contractor  shall  fail  in  the  due  performance  ofc  ^f 

Contract  by  and  at  the  time  fixed  under  the  Contract,  whtr z*tl 

by  way  of  extension  or  otherwise,  the  Engineer  shall,  in  wri"    -tijj 
certify  the  fact  of  such  failure,  and  in  such  case  the  Contra^^c^^ 
shall  pay  to  the  [Purchasers,  as  and  for  agreed  liquidated  dam^a^ges 
the  following  amounts  reckoned  on  the  contract  value  of  ^^^ucb 
portion  only  of  the  Works  as  cannot,  in  consequence  of  the  d^Jay, 
be  used  beneficially —  , 

during  the  first  four  weeks  between  the  appointed  time  and    \ 
the  actual  time  of  completion,  five  shillings  per  ;£ioo  pe^ 
week ;  .  ^^ 

during  the  second  four  weeks,  ten  shillings  per  £100  p^  ^ 
week ;  ^ 

during  the  third  four  weeks,  fifteen  shillings  per  ;£ioo  pe^  '^ 
week ;  and 

during  any  subsequent  week,  twenty  shillings  per  ;£ioo  pcr^' 
week. 

PRELIMINARY  TRIALS  ON  SITE— 

40. — On  the  completion  of  the  works  on  the  site,  the  Contractor 
shall  be  at  liberty,  as  far  as  convenient  to  the  Purchasers,  to  make 
any  preliminary  trials  that  he  may  desire. 

All  expenses  whatever  of  raising  steam,  or  otherwise  of  or  in 
connection  with  such  preliminary  trials,  to  which  the  Purchasers 
be  put,  shall  be  borne  by  the  Contractor. 

TESTS  ON   COMPLETION— 

41. — On  the  completion  of  the  works  on  the  site,  the  Contractor, 
after  giving  the  Engineer  fourteen  days'  notice  of  his  readiness 
to  make  the  "  tests  on  completion,"  shall  test  the  operation  thereof, 
cither  together  or  in  sections,  in  the  presence  of  the  Engineer, 
and  in  all  respects  in  accordance  with  and  in  manner  provided  by 
the  Specification. 

On  the  giving  of  such  notice,  the  plant  shall,  for  the  purpose  of 
the  tests,  be  deemed  to  be  complete,  and  no  alterations  or  re- 
adjustments of  the  same  shall  be  made  within  forty-eight  hours 
before  the  time  fixed  for  starting  the  tests,  without  the  express 
permission  of  the  Engineer  in  writing. 

Should  any  alterations  or  re-adjustments  be  found  necessary 
within  forty-eight  hours  before  the  time  fixed  for  starting  the 
tests,  the  tests  of  the  plant  to  which  the  alterations  or  readjust- 
ments arc  to  be  made  may,  at  the  sole  option  of  the  Engineer,  be 
deferred  for  a  period  not  exceeding  fourteen  days,  and  all  reason- 
able expenses  to  which  the  PurcVvas^^ts.m-a.^  be  ^ut  by  the  deferring 
of  the  tests  shall  be  borne  by  tbe  OotvU?v.cloY, 
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The  Contractor  sball  find  and  pro%'idt;  all  necessary  superin- 
tendence and  labour  for  the  purpoiie^i  of  the  tests^  and  during  the 
tests  shall  have  the  full  working  control  of  the  plant 

If  at  tlie  time  agreed  upon  between  the  Contractor  and  the 
Engineer  for  the  starting  of  tiie  tests,  the  Engineer  or  his  duly 
authorised  representative  shall  fail  to  attend,  the  tests  may  proceed 
in  his  absence. 

As  soon  as  the  tests  have  proved  that  the  plant  has  completely 
fulfilled  the  Contract  Conditions^  the  Engineer  shall  forthwith  so 
certify  in  writing  to  lioth  the  Purchasers  and  the  Contractor,  and 
THEREUPON  IT  SHALL  BE  DEEMED  THAT  THE 
PURCHASERS   HAVE  TAKEN   OVER  THE   PLANT. 

If  the  works  fail  under  the  tests  to  fulfil  the  Contract  Conditions, 
complete  new  tests  shall,  if  required  by  the  Engineer,  or  by  the 
Con  tractor  J  be  carried  out  upon  the  same  terms  and  conditions, 
and  upon  payment  to  the  Purchasers  of  all  reasonable  expenses 
to  which  they  may  be  put  by  the  repeated  tests. 

If  the  tests,  proving  that  the  works  fulfil  the  Contract  Con- 
ditions, be  not  made  by  the  Contractor  within  one  month  after  the 
date  fixed  under  Clause  38  for  the  completion  and  the  readiness 
of  the  works  for  beneficial  use  or  for  tesdng,  and  if,  in  the  opinion 
of  the  Engineer,  the  tests  are  being  unduly  delayed,  the  Engineer 
may.  in  writing,  call  upon  the  Contractor  under  seven  days'  notice 
to  make  such  tests,  and  on  the  expiry  of  such  notice  such  tests 
shaU  forthwith  be  made  by  the  Contractor 

If,  after  the  expiry  of  the  notice  from  the  Engineer  the  Con- 
tractor neglects  to  make  such  tests,  the  Engineer  may  proceed  to 
make  such  tests  himself  at  the  Contractor's  risk  and  expense. 


tIGHT  OF  USE— 

43. — If  I  he  Contractor  neglects  to  make  the  *'  tests  on  com- 
pletion "  by  tiic  d;ites  stipulated  under  Clause  38,  the  Purchasers 
shallj  nevertheless,  have  the  right  of  using  the  w*orks  at  their  own 
expense  for  the  supply  of  Electrical  Energy  or  otherwise ;  but 
such  use  shall  be  at  the  Contractor's  risk  until  he  elects  to  make 
the  "  tests  on  completion  "  or  until  such  tests  prove  that  the  plant 
fulfils  the  Contract  Conditions.  The  Purchasers  may,  pending 
any  Arbitration  under  the  Contract,  use  any  portion  of  the  works 
reasonably  capable  of  being  used,  but  in  such  ease  the  Contractor 
shall  be  entitled  to  be  paid  in  respect  of  any  work  beneficially 
used,  a  sum  equal  to  £$  per  cent,  per  annum  (according  to  U\^ 
period  of  user)  ujion  tlic  aniount  withtield  ot  deducted  m  ^^si^^<:;\ 
of  such  work* 
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INTERFERENCE  WITH   TESTS— 

43 ♦'—If  any  act  of  the  Purchasers  or  of  the  Engineer,  or  the  ly^e  o( 
the  work  a:>  abo\^e  provided  for»  ^^ball  interfere  with  the  Contractor 
carr>'ing  out  the  tests  after  the  fourteen  days'  notice  to  be  given  by 
him  to  the  Engineer,  the  payments  to  the  Contractor  shall  be 
made  as  if  final  satisfactory  ''  tests  on  completion  *'  had  taken 
place,  but  notwithstanding  any  sijch  payments^  the  Contractor 
shall  be  liable  to  make,  and  shalj  make  the  said  tests  during 
the  period  provided  for  maintenance  as  and  when  required  by 
the  F>ngineer  upon  fourteen  days*  notice ;  and  the  obligations 
and  liabilities  of  the  Contractor  shall  be  the  same  as  if  the  tcstta 
had  been  made  on  the  expiry  of  his  fourteen  days'  notice.  I 

The  provisions  of  this  condition  as  to  payment  shall  apply  in 
the  event  of  such  use,  or  any  other  act  of  the  Purchasers^  or  of  the* 
Engineer,  interfering  with  the  remedying,  hy  the  Contractors,  of 
any  defects  which  may  have  appeared  in  the  works. 


REJECTIOX   OF   INEFFICIENT  WORK^ 


4 


44. — If  the  completed  work  or  any  portion  thereof  fails  to  paNS 
the  specified  "tests  on  completion,"  or  be  defective  in  any  way, 
the  P^ngineer  may  reject  such  work  or  portioji  thereof,  and  the 
Purchasers  shall  then  have  the  option  of : — 

{a)    Permitting  the  Contractor  to  replace  the  defective  work 
or, 

(b)  Themselves  replacing  the  defecti%^e  work  by  purchase 

from  or  contract  with  any  other  party  or  parties,  or, 

(c)  Returning  the  defective  Work  and  recovering  the  sum  or 

sums  paid  or  allowed  on  account  of  same. 

In  the  event  of  {a\  the  suhstituled  works  shall  he  in  all  respect?i 
deemed  to  be  subject  to  all  the  terms  and  conditions  of  lln^ 
Contract. 

In  the  event  of  (/>),  no  further  sum  beyond  that  already  paid  to 
the  Contractor  in  respect  of  the  work  in  question  shall  be  dne  or 
payable  by  the  Purchasers  to  the  Contractor  in  respect  of  such 
defective  work,  but  the  Contractor  shall  repay  to  the  Purchasers 
any  sum  paid  by  them  in  respect  of  such  work;  and  the  Con- 
tractor  shall  also  pay  to  the  Purchasers  any  loss  or  damage  to 
which  they  may  be  put  by  reason  of  the  purchase  or  replacing 
of  fresh  work  by  tliem  ;  it  being  agreed  that  if  the  Contractor 
shall  fail  to  execute  works  in  strict  accordance  with  the  Specifica- 
tion, it  shall  be  lawful  for  the  Purchasers,  at  their  discretion,  to 
obtain,  without  additional  cost  to  them,  the  work  in  question  froni 
any  other  party  or  paitieSj  or  so  to  aiTange  for  the  execution  of 
th^  workSf  as  they  may  deem  des\Ta\iVe,  ^t^d  vVt-^l  VVs  C<ai\tr9<;tt*f 


PORM  OF  MObEL  GENERAL  CONDI TiO>fS.  260 

shall  be  liable  for  any  loss  suffered,  or  yxpcndituru  beyond  the 
Contract  prices  incurred  by  the  Ftir  chasers  in  con  sequence  of 
such  failure* 

In  the  event  of  (c),  if  the  defective  Work  be  required  by  Lhe 
Purchasers  for  beneficial  use,  they  shall  be  entitled  to  make  use 
of  the  same  for  a  reasonable  time  sue&cient  to  enable  thcni  to 
obtain  other  work  to  replace  it,  the  Contractors  being  allowed 
a  reasonable  sum  for  the  use  of  tlie  same. 

^INTENANCE— 

45,^ — Until  the  finat  certificate  shall  have  been  issued  the  Con* 
tractor  shall  be  responsible  for  any  defects  t!ial  may  develop 
under  normal  and  proper  use  arising  from  bad  materials,  design  or 
workmanship  in  the  Works,  When  called  upon,  in  writings  by 
lhe  Engineer  to  remedy  such  defects,  the  Contractor  shall  do  so 
with  due  diligence,  and  unless  snch  defects  be  remedied  by  the 
Contractor  within  a  reasonable  time,  tlie  Contractor  shall  be  respon- 
sible for  all  losses  and  damages  sustained  by  the  Purchasers 
through  such  defects.  U  the  defects  be  not  remedied  within  a 
reasonable  time,  the  Purchasers  may  proceed  to  do  tlic  work  at 
the  Contractor's  risk  and  expense, 

Until  the  final  certificiite  sliall  have  been  issued,  the  Contractor 
shall  have  the  right  of  entry  by  hinl!^elf  or  his  duly  authorised 
representatives,  at  all  reasonable  working  hours,  upon  all  parts  of 
the  works  for  the  purpose  of  inspecting  the  w*orking  and  the  records 
of  the  works  and  taking  notes  therefrom^  and,  if  necessary,  makhig 
any  tests  at  reasonable  times  at  his  own  risk  and  expense* 

f^^UIREMENTS  OF  LOCAL  AUTHORITIES— 

46. — The  Contractor  shall  throughout  the  continuance  of  the 
Contract,  and  in  respect  of  all  matters  arising  in  the  performance 
thereof,  promptly  and  effect ually  conform  to  all  the  requirements 
of  any  local  or  municipal  antliority  in  whose  district  the  work  may 
he  executed^  and  provide  for  lhe  safety  and  due  convenience  of 
the  public^ 

fcBITRATIQN— 

47. — If  at  any  time  any  question,  dispute  or  difference  shall 
arise  between  the  Purchasers  or  their  Engineer,  and  the  Con- 
tractor, upon  or  in  relation  to  or  in  connection  with  the  Contract^ 
either  party  may  forthwith  give  to  the  other  notice  in  writing  of 
the  existence  of  such  question,  dispute  or  difference^  and  such 
question,  dispute  or  differeiice  shall  be  referred  to  the  Arbitration 
uf  a  person  to  be  mutually  agreed  upon,  or,  failing  agree  men  t^ 
to  some  person  appointed  by  the  President  for  the  time  btiin^ 
of  the  Inatiiution  of  is/ectricaJ  Engineers, 
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Work  under  the  Contract  shall  continue  during  the  Arbitration 
proceedings. 

The  award  of  the  Arbitrator  shall  be  final  and  binding  on  the 
parties.  Upon  every  or  any  such  reference,  the  costs  of  and 
incidental  to  the  reference  and  award  respectively  shall  be  in 
the  discretion  of  the  Arbitrator,  who  may  determine  the  amount 
thereof,  or  direct  the  same  to  be  taxed  as  between  Solicitor  and 
Client,  or  as  between  party  and  party,  and  shall  direct  by  whom 
and  to  whom,  and  in  what  manner  the  same  shall  be  borne  and 
paid.  This  submission  shall  be  deemed  to  be  a  submission  to 
Arbitration,  within  the  meaning  of  the  Arbitration  Act,  1889. 


Tobeinciu-  CONSTRUCTION  OF  CONTRACT— 

ded     where 

to*^  be^^done  4^* — '^'^^^  Contract  shall  in  all  respects  be  construed  and  operate 

whoUy     or  as  an  English  Contract  and  in  conformity  with  English  law,  and  all 

Sr  in*  Scot-  payments  thereunder  shall  be  made  in  [England  and  in]  sterling 

'*"**•  money. 
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FORM     OF    TENDER. 


SECTION 


To  the  

Gentlemen, 

the  undersigned,   do    hereby  offer  to 

contract  for  the  above-named  Work,  in  accordance  with  the  preceding 

General  Conditions  and  Specification,  at  the  prices  which have 

submitted  on  the    preceding    page,  and  in  case   tender    be 

accepted do  hereby  undertake  and  agiree  to  execute  a  Contract 

in  accordance  with  General  Conditions,  Clause  lo,  and propose 

as  Sureties  as  required  by  that  Clause  

of    

and    * 

of 

Dated day  of  190  . 

Signature ..* 

Address    


List  of  Drawings  submitied  by  Tenderer  under  Section 
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FORM     OF    AGREEMENT. 


ZCbi0  Horeement  mndc  the  day  of  190^^ 

Between 

(licrciiiiiftcr  referred   to  as  the   "  Contractor ")  of  the  first  part  the^^     e 

(hereinafter    called    the    **  Purchasers ")    of    the     second    part    ancii:^*^ 

of 

and 

of 

(hereinafter  called  the  "  Sureties ")  of  the  third  part  WllbCtCad  th^i  >- 
Purchasers  are  about  to  erect  and  maintain  the 

hereinafter  callec:    ^ 

the  "Works"  mentioned  enumerated  or  referred  to  in  certain  Genera \ 

Conditions  Specification  Drawings  Form  of  Tender  and  Schedule  o  ^ 
Prices  and  the  further  Specification  entitled  "Additional  Details^  ^' 
which  for  the  purpose  of  identification  have  been  signed  by 

on  behalf  of  the  Contracto^:^    '^ 

and  (the  Engineer  of  the  Purchasers)  or 

behalf  of  the  Purchasers  But)  TDmbCrcaS  the  Purchasers  have  acceptei 
the  Tender  of  the  Contractor  for  the  provision  and  execution  of  thu^   ^ 

said  works  for  the  sum  of 

upon  the  terms  and  subject  to  the  conditions  hereinafter  incntionccE:^^^^^ 
Bn^  llinbcread  the  Sureties  have  agreed  for  the  consideration  here^ —  ^' 
inaftcr  appearing  to  enter  into  the  covenants  hereinafter  containc^^^^^^^ 
and  on  their  part  to  be  performed  :  I^OW  tbi0  JnOcntUtC  TOLitneegCtb^^^ 
that  in  pursuance  of  the  said  Agreement  and  in  consideration  of  th(^— ^^^ 
payments  to  be  made  to  the  Contractor  by  the  Purchasers  as  hereinafter^^^-  ^ 
mentioned  the  Contractor  hereby  covenants  with  the  Purchasers  theii"-^^  ^ 
successors  and  assigns  that  he  shall  and  will  duly  provide  erect  and^^^--^^ 
complete  uphold  and  maintain  the  Works  mentioned  enumerated  or'^^^'^ 
referred  to  in  the  Contract  and  shall  do  and  perform  all  other  vvorkis=^  ^ 
and  things  therein  mentioned  or  described  or  which  arc  implied^'-^ 
therefrom  or  therein  respectively  or  may  be  necessary  for  the  com-*- ^ 


:r 


pletion  of  the  said  Works  within  and  at  the  times  and  in  the  manncL 
and  subject  to  the  terms  conditions  and  stipulations  in  the  Contract^  ^^ 
mentioned  and  to  the  satisiacUow  oi  \.\i^  Y.u^\w^^t  Iw  iVv^  time  bein^^^  ^ 


I 
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tjf  the  Purchasers  and  also  will  to  the  like  SAtisfactioii  mfiintain  the 
same  in  an  efficient  manner  as  mentioned  in  the  Conlract  and  shall 
and  will  observe  and  |"^erform  all  the   conditions  and  provisions  set 
out  in  such  Contract  and  that  alt  tl^e  powers  liherlies  rights  aiid 
privileges  mentioned  therein  and  conferred  thereby  in  respect  of  snch 
^Vorks  shall  and  may  be  exercised  according  to  the  true  intent  and 
fneaning  thereof  Mf\b  in  consideration  of  the  due  provision  erectioti 
^^ecution  construction  and  completion  of  the  vaid  Works  and  the  main- 
tenance thereof  as   aforesaid  and   of  the  covenant  of  the  Sureties 
nemnafter  contained  the  Purchasers  do  hereby  for  themselves  their 
Successors  and  assigns  covenant  with  the  Contractor  that  they  the 
^rchasers  their  successors  and  assigns  will  upon  the  certificates  of  the 
Engineer  for  the  time  being  of  the  Purchasers  pay  to  the  Contractor 
the  said  sum  of 

Or  such  other  sunt  as  may  become  payable  to  the  Contractor  under 
t:he  provisions  of  the  Contract  such  payments  to  be  made  at  such 
time  and  in  such  manner  as  is  provided  by  the  Contract.  And  the 
Sureties  at  the  request  of  the  Contractor  and  in  consideration  of  the 
Purchasers  entering  into  this  agreement  do  hereby  jointly  and  severally 
covenant  and  guarantee  with  and  to  the  Purchasers  that  the  Covenant 
«*n  the  part  of  the  Contractor  in  this  Contract  contained  shall  be  well 
truly  and  faithfully  performed  by  tbe  Contractor  in  every  respect 
according  to  the  true  intent  nnd  meaning  of  this  Contract  and  that  in 
the  event  of  default  on  the  part  of  the  Contractor  in  respect  of  the 
performance  in  any  particular  of  the  said  Contract  the  Sureties  will 
pay  to  the  Purchasers  all  such  losses  damages  costs  charges  and 
expenses  as  the  Purchasers  may  sustain  incur  or  be  put  unto  by  or 
by  reason  or  in  consequence  of  any  such  default  but  so  nevertheless 
that  the  total  amount  to  be  demanded  or  recovered  by  the  Purchasers 
of  or  from  the  Sureties  shall  not  exceed  the  sum  of  Ten  per  cent,  of 
the  total  contract  price, 

|^T0Y'i5Cd  Mvo^^B  and  it  is  hereby  covenanted  agreed  and  declared 
between  and  by  the  parties  hereto  that  these  presents  are  entered  into 
and  the  said  Works  are  to  be  provided  erected  executed  constructed 
completed  and  maintained  upon  and  subject  to  the  terms  and 
conditions  contained  in  the  Contract  2lU&  that  the  parties  hereto 
respectively  shall  have  such  rights  powers  and  liabilities  and  the  said 
Engineer  shall  ha\'e  such  powders  and  authorities  in  respect  of  the  said 
Plant  and  the  tools  and  materials  for  the  same  and  extension  in  respect 
of  the  Contract  and  all  matters  connected  therewith  as  are  given  and 
^  expressed  by  and  in  the  same  terms  and  provisions  of  the  Contract. 

Sn  WiitncB5  whereof  etc. 
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'^he  Three  Hundred  and  Eighty-Sixth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers^  Great  George  Street,  Westminster, 
on  Thursday  evening,  January  22,  1903  ^~Mr.  JAMES 
Swinburne,  President,  in  the  Chair, 

The  minutes  of  the  Ordinary  General  Meeting  held  on  janaary  B, 
1^3,  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  tlie  Institution  were 
innounced,  and  it  was  ordered  that  their  names  should  be  suspended  in 
lie  Library, 

The  foU owing  transfers  were  announced  as  having  been  approved 
Dy  the  Council  ; — 

From  the  class  of  Ai^sociate  Members  to  that  of  Members — 

Arthur  Brunei  Chatwood, 
Henry  Mannington  Sayers. 

From  the  class  of  Associates  to  that  of  Members^ — 

Albert  Wilson  Jones, 
Arthur  J  as*  Stubbs. 

From  the  class  of  Associates  to  that  of  Associate  Members— 


John  Mark  Auguste  Margetts, 

Fp  Tandy. 

Edward  Stanley  Shoults, 


F.  Biliotti. 

Hy,  Louis  Victor  Joly. 

Walter  James  Leeming, 

'  From  the  class  of  Students  to  that  of  Associates — 

William  Gilbert  Carter.  |      Geo.  Marinier. 

Geo-  William  Selwyn  Driver.    1      Albert  Henry  Midgley, 

The  President  announced  that,  owing  to  a  misunderstanding,  Mr. 
Jraham  T,  01ver*s  name  had  been  printed  in  the  list  of  Associates, 

*  The  disieussion  on  the  Metric  Syitem  intervened  between  the  reading  of 

[Mr.  Scott's  and  Mr.  E^^on's  papers  on  the  8th  of  Januar>%  and  the  discnssion 

iwpon  them  ;  but  in  order  to  preserve  the  continuity  of  the  record  in  the 

^Journal,  the  report  of  the  meeting  of  the  ath  of  January  has  been  printed  after 

that  of  the  metitings  un  the  22iid  of  January  and  the  5th  of  February  (vuie 
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mstead  of  in  the  list  of  Members,  published  in  190^,  and  that  his  naine 
had  now  been  restored  to  the  Register  of  Members. 

Messrs,  J,  O.  Girdlestone    and   C,   O.  Grimshaw   were    appoint 
scrutineers  of  the  ballot  for  the  election  of  new  members. 


P. 

i 


Donations  to  the  Building  Fund  were  announced  as  having  been 
received  since  the  last  meeting  from  Messrs.  A.  W.  Beuttell,  1.  Braby, 
J,  B.  Braithwaitc,  S.  L.  Brunton,  A.  Burton,  G.  B.  Byng,  Major  P, 
Cardew,  J.  B.  Edwards,  C.  F.  Farlow,  S.  Z,  de  Ferranti,  C,  G,  Frie- 
dclberg,  R.  F.  FuUer,  H.  E.  Harrison,  D.  Henriques,  H,  Hir&t, 
Hunter  Brown,  E.  Hutchinson,  W.  M.  Mordey,  D,  S.  Paxton,  C.  W, 
Peel,  C.  Poulsen,  E.  R,  Rudge,  R  W.  Sankey,  K.  W.  Sutherlands,  A. 
Williamson,  and  U  Wood  ;  and  to  the  Benevolent  Fiuni  from  Messrs*' 
I.  Braby^  Major  P.  Cardew,  H.  C.  Donovan,  D.  Henriques,  W.  J.  S, 
Pyper,  and  E.  B.  Thornhill,  to  whom  the  thanks  of  the  meeting  were 
duly  accorded. 

The  President  :  This  evening  we  shall  make  a  somewhat  unusual 
arrangement,  Nominally  we  aie  to  have  a  discussion,  but  as  far  as  we 
can  we  shall  follow  our  practice  of  treating  the  first  part  as  a  paper  :  that 
is  to  say,  I  shall  call  upon  Mr.  Siemens  to  open  the  proceedings  by 
reading  his  paper,  and  after  that  I  shall  call  on  Sir  Frederick  Bramwell 
to  open  the  discussion  in  the  form  of  a  reply  to  Mr.  Siemens ;  after  that 
there  will  be  a  general  discussion^  and  Mr.  Siemens  will  be  given 
opportunity  of  summing  up  at  the  end. 

I  have  now  much  pleasure  in  calling  on  Mr,  Alexander  Siemens  t^ 
read  his  paper  on  the  Metric  system, 

NOTES  ON  THE  METRICAL  SYSTEM  OF 
WEIGHTS  AND  MEASURES. 

By  Alexander  Siemens,  Past  President. 

On  November  14th,  1783,  James  Watt  wrote  to  his  friend,  Mr,  Kirwad 
about  the  trouble  he  had  experienced  in  reducing  the  weights  and 
measures,  when  comparing  the  experiments  made  by  Lavoisier  an 
Laplace  with  results  obtained  by  Mr.  Kirwan,  and  he  continues  ; 

*'  It  is,  therefore,  a  very  desirable  thing  to  have  these  difBculties 

removed,  and  to  get  all  philosophers  to  use  pounds  divided  in  the 

same  manner,  and  1  flatter  myself  that  may  be  accomplishedj  if  you, 

Dr,  Priestley,  and  a  few  of  the  French  experimenters  will  agree  to 

it  ;  for  the  utilif>^  is  so  evident   that  every  thinking  person  must 

immediately  be  convinced  of  it.    My  proposal  is  briefly  this  : 

Let  the  philosophical  pound  consist  of  ro  ounces  or  10,000  grain 

„  ounce        „        „  10  drachms  or  i^ooo      „ 

„  drachm      ,,        j,  100  grains  or  100  », 

Let  all  elastic  fluids  be  measured  by  the  ounce  measure  of  wale 

by  which  the  valuation  of  different  cubic  inches  will  be  avoide 

and  the  common  decimal  tables  of  specific  gravities  will  immedi- 

afeJj^ive  the  weights  of  tUoac  <i\a^\;ic  ?L\\\4'i." 
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.After  discussing  the  claims  of  various  pounds^  he  concludes  the 
letter  by  saying  ; 

*'  Dr,  Priestley  hm  agret^d  to  this  proposalj  and  has  referred  it  to 
you  to  (ix  upon  the  pound,  if  you  otherwise  appro%^e  of  it.  I  shall 
be  happy  to  have  your  opinion  of  it  as  soon  as  convenient,  and  to 
concert  with  you  the  meatis  of  making  it  universal, — I  remain,  etc, 

"  I  have  some  hopes  that  the  foot  may  be  ftxed  by  the  pendulum, 
atid  a  measure  of  water,  and  a  pound  derived  from  that ;  but  iu  the 
interim  let  us  at  least  assume  a  proper  division,  which  from  the 
nature  of  it  must  be  intelligible,  as  long  as  decimal  arithmetic  is 
used," 

On  November  23 rd^  1783,  James  Watt  wrote  to  M.  de  Luc  on  the 
[^ao^ie  subject  : 

"  ,  ,  .  Indeed  to  compare  one  experiment  with  another  even 
where  the  weights  used  are  the  same,  gives  much  trouble  from  the 
absurd  subdivisions  used  by  all  Europe  ;  and  also  to  compare  cubic 
mches  of  various  substances  with  weights  is  a  perpetual  source  of 
unnecessary  calculatiou ;  in  order  to  avoid  which  I  proposed  to 
Dr.  Priestley  and  Mr.  Kir  wan  to  agree  on  a  perpetual  decimal  sub- 
division of  the  pound  thus  : 

100  grains  =  I  drachm;    1,000  grains s=i  ounce; 
10,000  grains  ^  i  pound. 

All  the  elastic  fluids  to  be  measured  by  the  ounce  or  pound 
measure.  The  decimal  tables  of  specific  gravitieia  will  give  the 
weights  without  calculations.  All  Uquids  to  be  weighed,  Mr. 
Kirwan  answers  that  Mr,  Whitehurst  is  at  work  on  a  philosopliical 
measure,  from  which  he  means  to  deduce  a  pounds  divided  as 
above  ;  but  I  say,  as  it  may  be  long  before  that  comes  forth,  let  the 
ejtpedieiit  of  tlie  proper  division  take  place  in  the  meantime.  Dr. 
Priestley  \%ill  immediately  adopt  it,  and  I  will  be  obliged  to  you  to 
write  to  M.  de  Laplace  on  the  subject.  In  order  to  introduce 
uniformity  as  "much  as  we  can,  wo  mean  to  subdivide  the  Paris 
pound  in  10,000  parts  .  .  /^ 

These  two  letters  have  a  special  bearing  on  the  subject  which  is  to 
^^^^  discussed  to-night|  as  Watt  had  laid  down  in  them  the  fundamental 
^^nditions  on  which  the  metrical  system  is  based. 

It  is  even  probable  that  Watt  is  directly  responsible  for  the  move- 

^^cnt  among  French  scientific  men,  for  his  biographer,  Muirhead,  tclis 

^^  that  in  1786  Watt  and  his  partner,  Boulton,  went  to  Paris,  and  there 

they  had  the  satisfaction  of  making  the  acquaintance  of  most  of  the 

7^*^inent  men  of  science,  of  whom  the  great  Ciipital  of  France  had  then 

^^    boast,  as    Lavoisiefj   La    Place,    Monge,    BerthoUeti    De    Prony^ 

^^  assenf  ratz,  Fourcroy.  Delessert  and  others/'    No  doubt  Watt'^  idea  of  a 

philosopher's  pound  "  was  discussed  among  them ;  at  least  it  bore 

^nit,  for  in    the  year  1790  Prince  Talleyrand  proposed  to  the  Con- 

cituent  Assembly  of   France   that  the  many  systems  m  vise,  m  toal 

I^UJitry  be  changed  into  o/je  system,  and  that  be  adecv^laiovLt;io^i'ft^'^i 
r  m^ m- ^ 
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on  the  pendulum.    This  was  adopted  by  the  Assembly  on  the  17th 
of  March,  1791,  and  s;inctioned  by  Louis  XVL 

It  will  be  noted  that  this  plan  is  foreshadowed  in  the  postscript  of 
Watt's  letter  to  Kirwan,  and  a  further  indication  of  his  influence  maybe 
traced  in  the  provision  that  the  French  Academy  and  the  Royal  Society 
of  Great  Britain  appoint  jointly  an  International  Commission  for 
discussing  the  subject  of  universal  weights  and  measures. 

England  declined,  hdwever,  to  co-operate,  but  Spain,  Italy,  the 
Netherlands,  Denmark,  and  Switzerland  were  finally  represented  on 
this  Commission,  which  consisted  of  the  ablest  mathematicians  then 
living. 

The  system,  suggested  by  Watt  and  adopted  by  this  International 
Commission,  derives  the  units  of  weight  and  of  capacity  from  the  linear 
standard,  and  the  chief  object  of  the  Commission  was  to  settle  how  the 
linear  standard  \vas  to  be  lixed. 

Three  linear  standards  were  discussed  : 

1.  Tlie  length  of  a  pendulum  beating  seconds. 

2.  The  length  of  a  qwidrant  of  the  equator. 

3.  The  length  of  a  quadrant  of  a  meridian. 

Eventually  the  last  was  selected,  and  it  was  decided  that  the  ten- 
millionth  part  of  this  quadrant  should  be  the  linear  unit,  "  the  meter.** 

A  law,  passed  on  August  ist,  1793,  established  the  system 
provisionally,  and  the  nomenclature  was  sanctioned  nearly  two  years 
later  on  April  7th,  1795. 

For  seven  years  the  survey  of  the  meridian  between  Barcelona  and 
Dunkirk  went  on,  until  in  1799  representatives  from  ten  countries 
assembled  in  France  to  examine  the  results  of  the  survey,  and  to  settle 
**  a  definite  meter." 

When  this  had  been  accomplished,  Laplace  explained  the  whole 
system  to  the  legislative  councils  of  France,  and  it  was  definitely 
adopted  by  a  law  promulgated  on  June  22nd,  1799. 

Unfortunately,  the  succession  of  wars,  undertaken  at  first  by  the 
Republic,  and  afterwards  by  Napoleon  I.,  against  all  the  other  nations  of 
Europe,  was  then  in  progress  ;  moreover,  Napoleon,*personally,  did  not 
approve  of  the  change,  so  it  came  about  that  an  intermediate  system  of 
divisions  and  of  names  was  tolerated  by  a  law  passed  on  May  28th, 
1812. 

The  pure  metrical  system  was  not  enforced  in  France  until 
January  ist,  1840. 

Other  European  countries  were  at  first  very  reluctant  to  adopt  the 
metrical  weights  and  measures,  but  when  the  inter-communication 
between  distant  parts  of  the  same  country  and  between  different 
countries  developed  during  the  nineteenth  century,  the  want  of 
uniformity  in  weights  and  measures  grew  more  and  more  inconvenient. 

In  Germany,  for  instance,  a  Commission  was  appointed  to  settle  a 
national  unit  of  weights  and  measures,  and  it  began  its  investigations  in 
tS^>t      Tt  vvas  very  soon  decided,  however,  not  to  elaborate  a  national 

by  which  iiiv,  "ccommend  the   metrical  system.    The  actual  intro- 

andthe  common -vby  the  wars  of  1864  and  1866,  and  it  was  only  in 
ately  give  the  weights  vas  passed  makm^tUe  use  of  metrical  weights 


'.] 


OF  WEIGHTS  AND   MEASURES. 


281 


^d  measures  optional  from  January  ist,  1870,  and  compulsory  from 
Qiiary  ist,  187a. 

While  the  Gennan  Commission  was  deliberating,  a  Select  Committee 

i  appointed  by  tbe  House  of  Commons,  and  it  reported  in  jMi  that 

^ its  opinion  *4t  would  involve  almost  as  much  difficulty  to  create  a 

ecial   decimal   system  of  our  own,  as  simply  to  adopt  the  metric 

Becimal  system  in   common  w*ith  other    nations.    And  if  we  did  so 

create  a  national  system  we  would,  in  all   likelihood,  have  to  change  it 

Ipgain  in  a  few  years,  as  the  commerce  and  intercourse  between  nations 

pncreased,  into  an  international  one," 

In  1864  an  Act  was  passied  allowing  the  use  of  the  metric  system  of 
weights  and  measures,  and  in  1868  a  Bill  was  brought  in  to  make  this 
item  compulsory,  but  the  Bill  was  dropped  after  passing  the  second 
ding. 

The  Weights  and  Measures  Act  (1878)  authorised  the  Board  of 

ie,  by  Clause  38,  "  to  verify  metric  weights  and  measures  which  arc 

htendcd  to  be  used  for  the  purposes  of  science  or  of  manufacture  or 

r  any  lawful  purpose,  not  being  for  the  purpose  of  trade  within  the 

iitaning  of  this  Act/' 

The  provisions  of  this  clause  became  more  and  more  irksome,  and 

pother  Select  Committee  was  appointed  in  1895,  which,  after  examining 

aerous  witnesses  for  and  against    the  introduction  o£  the  metric 

fstenij  recommended  : 

"(a)  That  the  metric  system  of  weights  and  measures  be  at  once 
legalised  for  all  purposes. 

"  (h)  That  after  a  lapse  of  two  years  the  metric  system  be 
rendered  compulsor>^  by  Act  of  Parliament- 

^*  (^)  That  tlie  metric  system  of  weights  and  measures  be  taught 
in  all  public  elementary  schools  as  a  necessary  and  integral 
part  of  arithmetic,  and  that  decimals  be  introduced  at  an  earlier 
period  of  the  school  curriculum  than  is  the  case  at  present/* 

In  consequence   of   this  recommendation   Parliament   passed  the 
^^eights  and  Measures  Act(i895X  but  this  gives  effect  only  to  the  hrst 

part  of  it,  and  we  are  still  waiting  for  the  Act  to  make  the  adoption  of 
■e  metrical  weights  and  measures  compulsory. 
■  The   only  practical   steps  tovirards  the  introduction  of  the  metric 

system   into  the    United    Kingdom  have  been  taken  by  the  British 

Association,  of  which  a  Committee  worked  out  the  c.g.s.  system  of 

electrical  units* 

^  It  is  not  necessary  to  say  in  this  assembly  that  these  units  were 
fcsequently  adopted  by  the  International  Electrical  Congress  of  Paris 
fiSSi),  and  that  their  general  introduction  into  all  countries  has  been 
One  of  the  principal  causes  of  the  rapid  development  of  the  application 
of  electricity  for  industrial  purposes. 

Another  Committee  of  the  British  Association,  consisting  of  Sir 
foseph  Whitworth,  Sir  Wm,  Thomson  (now  Lord  Kelvin),  Sir  F.  |, 
Bramwell,  Mn  A.  Stroh,  Mr.  Beck,  Mr.  (now  Sir)  VV.  H*  Prcece,  Mr, 
now  Colonel)  R.  EXrompton,  Mr,  E.  Rigg  (secretary],  Mr.  Au.  l.e^fc\^ 
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was  appointed  for  the  purpose  of  determining  a  gauge  for  the  mai^^ 
facture  of  the  various  small  screws,  used  in  telegraphic  and  electriczi^ 
apparatus,  in  clockwork  and  for  analogous  purposes. 

After  deliberating  for  two  years  this  Committee  recommended  i 
1884  the  adoption  of  the  Swiss  series  of  small  screws,  commenci  :m]^ 
with  the  pitch  of  one  millimeter,  and  decreasing  the  pitch  of  ed^cb 
succeeding  size  by  10  per  cent. 

In  the  United  States  by  an  Act  of  Congress,  approved  in  July,  18^, 
the  use  of  the  weights  and  measures  of  the  metric  system  is  mac/a 
permissible  and  the  "  international  prototype  meter  and  kilogramme  " 
(deposited  in  Paris)  are  regarded  as  the  fundamental  standards  oi 
length  and  miass ;  and  the  yard  and  pound  are  to  be  derived  from  the 
metric  standards. 

It  is  proposed  to  bring  in  a  Bill  during  the  present  session  of 
Congress  directing  all  Government  departments  to  use  the  metrical 
system  for  all  their  transactions  from  January  ist,  1904,  and 
making  the  system  compulsory  throughout  the  United  States  from 
January  i,  1907. 

About  other  civilised  states,  apart  from  Great  Britain  and  the 
United  States,  it  is  only  necessary  to  say  that  they  have  adopted  the 
metrical  system  on  account  of  the  simple  relations  between  the  units 
of  length,  of  weight,  and  of  measure,  and  on  account  of  the  decimal 
subdivision  of  the  units  which  agrees  with  the  arithmetical  notation 
used  universally. 

The  metrical  system  is,  of  course,  not  the  only  one  by  which  these 
two  advantages  can  be  obtained  ;  for  instance.  Sir  John  Herschel 
suggested  a  rival  system  by  making  the  polar  radius  of  the  earth  the 
unit  of  length. 

This  radius  he  estimated  to  be  500,500,000  inches  long,  and 
he  suggested  that  the  English  inch  should  be  increased  by  its  ^^^j 
part,  so  that  it  should  be  exactly  the  500  millionth  part  of  the  polar 
radius. 

He  then  undertook  to  show  that  by  increasing  the  grain  (by  legisla- 
tive measure)  by  its  VV  P^rt  a  cubic  foot  of  water  would  weigh  a 
thousand  ounces. 

"  And  thus  the  change,  which  would  place  our  system  of  linear 
measure  on  a  perfectly  faultless  basis,  would  at  the  same  time 
rescue  our  weights  and  measures  of  capacity  from  their  present 
utter  confusion,  and  secure  that  other  advantage,  second  only  to 
the  former,  of  connecting  them  decimally  with  that  system  on 
a  regular,  intelligible  and  easily-remembered  principle ;  and 
that  by  an  alteration  practically  imperceptible  in  both  cases  and 
interfering  with  no  one  of  our  usages  and  denominations." 

In  this  proposal  Herschel  committed  the  same  error  as  the  compilers 

of  the  metrical  system  by  adopting  a  terrestrial  dimension  as  a  "perfectly 

faultless "  basis  for  his  linear  standard  ;  in  both  cases  later  measure- 

ments  with  improved  instruments  have  proved  that  the  original  results 

were  not  accurate. 
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With  regard  to  the  deeimat  subdivision  of  the  units,  Sir  George 
Airy,  the  late  Astronomer  Royal i  said  : 


I 


"  It  appears  to  me  that  the  practice  of  mankind,  as  regards 
their  selection  of  scales  of  multiples  and  subdivisions,  in 
e%^ery  subject  which  I  have  examined,  may  be  described 
thus :  For  each  particular  subject  to  which  measure,  etc-,  is 
applied  some  one  measure,  etc,  is  adopted  as  the  standard.  Then 
the  multiples  of  this  measure,  etc.,  are  taken  on  the  decimal  scalCi 
and  the  subdivisions  are  taken  on  the  binary  scale.  These  sub- 
divisions are  taken  without  any  regard  to  their  coincidence  or  non- 
coincidence  with  inferior  measures^  etc.  The  coasting  sailor  uses 
the  leaguCf  i  league,  J  league,  without  regard  to  miles  or  yards. 
The  traveller  uses  the  mile,  i  mile,  i  mile,  furlong,  and  never 
combines  them  with  the  yard  or  the  foot.  The  sailor,  in  soundings 
uses  the  fathom,  ^  fathom,  ^  fathom,  and  thinks  of  no  other 
measure.  The  vendor  of  drapery  uses  the  yard,  i  yard,  J  yard, 
etc.,  down  to  the  nail,  without  regard  to  inches.  The  joiner  uses 
multiples  of  inches  to  a  large  number  and  subdivides  the  inch  to 
If  4i  4*  tV'  -  *  ■  It  is  very  little  important  whether  the  relation 
between  the  standards  adopted  for  the  different  measures  (for 
instance,  the  mile  and  the  yard)  be  or  be  not  simple,  provided  that 
it  be  ascertained," 

Then  Sir  George  Airy  also  said  iq  his  evidence  before  the  Select 
Committee  of  1862 : 


''If  r  had  a  new  nation  to  create,  with  a  new  style  of  weights 
and  measures,  I  would  give  them  the  binary  scale  throughout ;  that 
I  consider  nearest  perfection,  with  means  to  enable  us  to  use  decimal 
multiples  and  sub-multiples." 

Curiously  enough,  these  statements  of  Sir  George  Airy  were  laid 
^ore  the  Select  Committcee  of  1H95  by  Mr.  Stevenson  as  adverse  to 
the  metrical  system, 

A  little  reflection  will,  however,  convince  everybody  that  the  metrical 
system  fulfils  all  the  requirements  laid  down  by  Sir  George  Airy,  w^ith 
the  additional  advantage  that  the  standards  for  the  different  measures 
stand  in  a  simple  decimal  relation  to  eacli  other. 

For  instance,  a  traveller  might  use  a  km.^  J  km,  and  J  km, ;  a  joiner 
witi  use  milhmeters  or  i  and  i  mm. ;  a  merchant  kg.  for  ordinary 
transactions,  and  tons  for  larger  transactions,  subdividing  them  on  the 
binary  scale,  whenever  he  finds  that  convenient. 

In  most  transactions,  according  to  metrical  weights  and  measures, 
no  fractions  are  necessarj-,  either  vulgar  or  decimal,  as  the  smallest 
units ^  the  milJigramme  and  the  millimeter,  need  not  be  subdivided  for 
ordinary  purposes,  and  their  multiples  can  be  readily  expressed  in 
higher  units,  if  that  should  be  desired. 

For  this  reason  it  may  be  anticipated  that  the  introduction  of  the 
metrical  system  would  cause  no  inconvenience  j  espccialb/  i\ot  vu  Vcv^i 
retail  trade. 


284    SIEMENS:  NOTES   ON  THE   METRICAL  SYSTEM    [Jan.fflnd, 

The  experience  of  other  countries,  which  have  made  the  change  to  the 
metrical  system,  proves  that  the  initial  difficultiesof  the  transition  from 
the  old  weights  and  measures  can  easily  be  met  by  providing  converaon 
tables,  which  should  be  displayed  in  conspicuous  positions  in  all  shops. 
It  so  happens  that  the  principal  changes  which  concern  the  retail 
trade,  viz.,  from  the  yard  to  the  meter,  and  from  the  lb.  to  the  i  kg. 
(metrical  pound),  are  very  simple. 

The  meter  is  about  Vt  longer  than  the  yard,  the  cost  per  meter  is, 
therefore,  id.  per  shilling  greater  and  the  metrical  pound  is  a  little  more 
than  lo  per  cent,  heavier  than  the  pound  avoirdupois,  so  that  the  cost 
of  the  i  kilo,  exceeds  the  cost  of  a  pound  avoirdupois  by  ijd.  in 
the  shilling. 

If  the  customer,  therefore,  does  not  wish  to  rely  on  the  conversion    | 
table,  he  can  calculate  the  price,  as  if  he  were  dealing  with  3rards  or 
pounds,  and  then  add  in  the  first  case  id.  for  each  shilling  of  the  result 
and  in  the  case  of  the  pounds  lid.  for  each  shilling. 

Although  such  a  conversion  is  not  absolutely  accurate  the  difference 
is  much  smaller  than  the  fluctuations  of  wholesale  prices. 

Again,  the  coil  of  i  lo  yards  is  only  23  inches  (or  0*58  per  cent.) 
longer  than  100  meters,  so  that  the  substitution  of  the  one  for  the  other 
need  not  cause  any  inconvenience. 

In  spite  of  all  these  facilities  it  is  only  natural  that  the  use  of  new 
weights  and  measures,  as  long  as  they  are  unfamiliar,  will  contrast 
unfavourably  with  dealings  in  the  old  weights  and' measures,  but  the 
public  will  soon  fmd  out  what  a  blessing  the  aboHtion  of  the  various 
and  perplexing  tables  of  weights  and  measures  will  prove  to  be,  and  how 
superior  the  metrical  system  is. 

This  opinion  was  tersely  expressed  by  Mr.  Balfour,  when  he  said  to 
a  deputation  which  urged  him  to  carry  out  the  recommendation  of  the 
Select  Committee  of  1895  : 

"  Upon  the  merits  of  the  case  I  think  there  can  be  no  doubt  what- 
ever, that  the  judgment  of  the  whole  civilised  world,  not  excluding 
countries  which  still  adhere  to  the  antiquated  systems  under  which 
we  suffer,  has  long  decided  that  the  metric  system  is  the  only 
rational  system." 

sident  The  PRESIDENT:  I  now  call  on  Sir  Frederick  Bramwell  to  open  the 

case  for  the  other  side. 

mweii.  Sir  Frederick  Bramwell,  Bart.,  F.R.S.  :  Mr.   Siemens  starts  off 

with  the  history  of  the  metrical  system,  about  which  I  have  nothing  to 
complain.  He  says  it  is  due  to  the  most  eminent  mathematicians  of 
the  day.  You  will  find  that  Napoleon  had  something  to  say  upon  that 
point.  The  law  was  passed  in  June,  1799 ;  and  Mr.  Siemens  attributes 
to  the  continued  wars  and  to  the  ill-will  of  Napoleon  the  fact  that  the 
law  did  not  come  into  operation  until  1840 — forty  years  later.  I  can 
remember  very  well  its  coming  into  operation,  and  I  remember  it  by 
reason  of  a  bad  joke  which  often  makes  a  very  good  memory  point  for 
me.  There  was  a  French  paper  then  published  in  London  called  the 
Courier  dc  VEuroffCy  to  which  I  subscribed,  and  they  pretended  that  a 
gentleman  whose  name  was  Mr.  Vmg^^^ow?*  W^ \Jt\\X.^xv.  NJc^ai^^xae  over 
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his  shop,  and  was  haled  before  the  magistrate  for  having  infringed  the 
law.  He  said  *  "What  am  I  to  do  ?  I  am  going  to  be  married  to-morrow. 
What  am  I  to  call  myself ;  what  ought  1  to  have  written  up  ?"  *^You 
ouglit  to  have  written  up  Franc,  and  not  Vin|(tsous."  "Am  I  to  call 
myself  Mr.  Franc  when  I  niarry  ! "  That  is  why  I  remember  when  the 
law*  came  into  force.  The  use  of  the  system  was  permitted  in  England 
in  1864,  and  the  Act  of  1878  allowed  the  Board  of  Trade  to  verify  the 
weights  and  measures.  There  was  a  Committee  appointed  in  1895  to 
consider  the  metric  system  ;  this  Committee  has  been  alluded  to  by 
Mr.  Siemens.  1  have  a  complaint  lo  make  against  the  Committee,  A 
gentleman  came  forward  and  gave  a  calculation  of  a  sum  carried  out 
metrically,  and  also  in  the  way  he  was  pleased  to  call  the  ordinary  way. 
It  could  only  have  been  done  from  gross  ignorance  or  from  malice 
prepense.  I  put  in  a  counter  calculation  of  the  true  ordinary  way  ; 
and,  whereas  he  had  succeeded  in  showing  that  according  to  his 
ordinary  way  the  number  of  figures  employed  exceeded  those  used  in 
the  decimal  mode  by,  1  do  not  knovv  what  multiple — double,  I  think — 
I  tihowcd  that  according  to  the  real  ordinary  way  the  number  of 
figures  employed  was  half  the  decimal  mode  number  of  figures.  That 
calculation  the  Committee  refused  to  publish  ;  it  is  not  there  in  the 
evidencCj  and  I  had  recourse  to  the  Times  to  get  it  before  the  public. 
Now  this  is  a  little  bit  of  o'vef'/eal  which  I  think  it  might  have  been 
well  to  have  left  out.  The  Committee  came  to  the  three  conclusions 
stated  by  Mr.  Siemens :  (a)  That  the  metric  system  of  weights  and 
measures  be  at  once  legalised  for  all  purposes,  (b)  That  after  a  lapse 
of  two  years  the  metric  system  be  rendered  compulsory  by  Act  of 
Parliament,  (c)  That  the  metric  system  of  weights  and  measures  be 
taught  in  all  public  elementary  schools  as  a  necessary  and  integral  part 
of  arithmetic^  and  that  decimals  be  introduced  at  an  earlier  period  of 
the  school  curriculum  than  is  the  case  at  present.  We  have  now, 
in  the  Act  of  1897^  arrived  at  the  outcome,  so  far,  of  that  Committee's 
conclusiojis.  What  says  that  Act  ?  Staled  shortly,  it  says  :  *'  Notwith- 
standing anything  in  the  Weights  and  Measures  Act,  1878,  the  use  in 
trade  of  a  weight  or  measure  of  the  metric  system  shall  be  lawful,  and 
no  person  by  reason  of  using  or  having  in  his  possession  a  weight  or 
easure  of  the  metric  system  shall  by  reason  thereof  be  hable  to  a  fine. 
The  Board  of  Trade  standards,  which  may  be  made  under  Section  8  of 
the  Weights  and  Measures  Act,  1878,  shall  include  metric  standards 
deri%'^ed  from  the  origina!  platinum  linear  standard  metre,  and  original 
platinum  standard  kilogramme  deposited  at  the  Board  of  Trade  and 
numbered  16  and  18  respectively.  It  shall  be  lawful  for  the  Queen  by 
order  in  Council  to  make  a  table  of  metric  equivalents."  In  the  follow- 
ing year  the  Council  did  make  a  table  of  metrical  equivalents,  and  here 
they  are,  but  t  do  not  think  I  can  usefully  take  up  your  time  by  reading 
them  to  you.  That  is  w^hat  has  come  of  the  recommendation  of  the 
Committee  of  1895  up  to  the  present  moment.  Now  Mr.  Siemens 
very  frankly  says  that  his  desire  is  that  letter  (6)  of  the  Committee's 
recommendation — that  after  a  lapse  of  two  years  the  metric  system  be 
rendered  compulsory  by  Act  of  Parliament — should  be  ^do^lfti,  "WvaiX. 
really  is   the  question   before   the   meeting  to-n\^\i\.     P&t\v&.^'s»  ^Vtc, 
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gr  Fredk.  Siemens  has  seen  a  copy  of  the  proposed  Bill.  I  have  not ;  I  can  only 
"*™^  judge  from  that  of  1868.  Now  the  Bill  was  not  to  be  a  mere  matter  of 
words  ;  it  was  to  be  very  stringent  and  very  troublesome  indeed. 
Section  10,  stated  shortly,  provided  that  "  Every  person  who  shall  sell 
otherwise  than  by  the  metric  system  shall  be  liable  to  a  penalty  not 
exceeding  40s.  for  each  sale."  Section  11:"  Every  person  who  shall 
print,  who  shall  make  any  return  as  Clerk  of  the  Market,  price  list, 
price  current  except  metric  shall  pay  any  sum  not  exceeding  los.  for 
each  copy  of  such  paper."  Therefore  the  unhappy  gentleman  who  had 
made  a  blunder  of  that  kind  might  very  soon,  if  he  had  printed  a 
thousand  papers,  find  himself  fined  ;^5oo  !  That  is  the  kind  of  thing 
we  may  expect,  I  suppose,  and  I  do  not  say  it  is  unreasonable  from  the 
point  of  view  of  the  "  Metrics  "  ;  from  the  point  of  view  of  a  gentleman 
who  believes  that  you  could  not  go  to  heaven  if  you  did  not  profess  certain 
things,  it  is  not  unreasonable  to  torture  your  body,  because  your  soul  is 
worth  more  than  your  body  and  the  benefit  to  the  soul  outweighs  the 
bodily  torture.  But  this  kind  of  thing,  you  know,  does  away  with  the  ques- 
tion of  the  survival  of  the  fittest.  I  thought  in  these  days  we  had  come  to 
regard  the  survival  of  the  fittest  as  being  the  absolute  test  of  the  value 
of  any  system.  The  advocates  of  the  metric  system  can  now,  after  this 
Act  of  1897,  do  what  they  like — have  their  weights,  keep  their  accounts, 
do  everything  that  they  please.  "  No,"  they  said,  "  that  will  not  do  for 
us.  You  shall  use  the  metric  system,  whether  you  like  it  or  not."  That 
is  not  the  survival  of  the  fittest,  and  it  is  inconsistent  with  anything  like 
liberty.  The  only  thing  of  which  it  reminds  one  is  the  now  somewhat 
old  tale  of  the  man  who  said  "  Sir,  this  is  the  freest  country  on  earth  ; 
every  man  does  as  he  likes,  and  if  he  does  not  we  make  him."  Mr. 
Siemens  goes  on  to  state  that  the  system  is  now  pretty  nearly  adopted 
all  over  Europe  except  in  Russia.  I  am  sorry  to  say  that  is  so,  but  so 
it  is  ;  I  cannot  contradict  it.  [Mr.  Siemens  :  These  clauses  are  taken 
from  the  other  Acts ;  they  are  taken  from  the  Weights  and  Measures 
Acts  which  are  in  force,  enforcing  the  English  weights.  It  is  the  same 
clause.']  One  can  see  why  Germany  adopted  the  metric  system. 
Germany  was  made  up  of  a  number  of  States — so  was  Italy,  by  the 
bye — with  divers  laws  and  regulations.  They  were  compelled  to  come 
to  some  one  system,  and  no  one  of  those  small  States  could  have 
devised  a  system  which  would  have  been  taken  up  by  the  whole  Empire ; 
therefore  they  were  glad  to  adopt  that  system  which  was  to  their 
hand.  I  am  surprised  to  find  that  Mr.  Siemens  has  not  put  forward  the 
usual  plea,  which,  to  my  mind,  is  the  only  one  that  has  even  the  shadow 
of  a  value  in  it,  namely,  that  our  merchants  and  manufacturers  are 
handicapped  in  their  dealings  with  foreign  nations  because  the  foreign 
nations  do  not  understand  our  measurement — they  know  about  our 
coinage — in  which  we  deal  with  them.  Whose  fault  is  that  ?  Is  it  not 
the  fault  of  the  merchant  ?     He  may  do  what  he  likes  with  the  metric. 

'  (Note  added  January  2()tli.) — The  reply  to  the  above  remark  of  Mr. 
Siemens  is  that  so  long  as  such  clauses  applied  to  existing  weights  and 
measures,  there  was  but  little  chance  of  them  being  infringed,  and  therefore 
little  chance  of  the  penalties  being  imposed  ;  but,  when  applied  to  the  intro- 
duction  of  a  new  system,  both  infringement  and  penalty  would  follow,  as  a 
I  matter  of  course,  for  years  to  come. 
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io>  that  will  net  do  for  liira.  He  says  **  No  r  all  of  you  5>hall  be  com- 
pelled to  deal  in  metric:  I  am  not  going  to  do  it  by  myself,  hut  you 
shall  all  do  it/'  That  kind  of  answer  is  so  obviously  wrong,  and  the 
suggestion  that  the  whole  diflicult\-  can  be  met  by  the  merchants  them- 
selves so  very  clear,  that  I  am  not  surprised  Mr  Siemens  did  not  put 
this  stock  objection  forward  ;  he  knew  the  comment  that  the  merchants 
had  the  remedy  in  their  own  hands  tvas  tinanswerable* 

Mr.  Siemens  says  that  the  Bill  of  1868  was  dropped,  and  refers  to  Sir 
George  Airy  and  Sir  John  Herschel.  I  am  inclined  to  think  that  Mr, 
Siemens  has  mii>quoted  both  those  gentlemen^-qnite  unintentionallyj  I 
am  sare.  Sir  George  Airy  is  being  examined  before  the  Committee  of 
1862  and  very  much  pressed  by  the  Chairman.  Mr.  Siemens  has  quoted 
one  answer :  "  If  I  had  a  new  nation  to  create,  with  a  new  style  of  weights 
and  meassures,  I  would  give  them  the  binary  scale  throughout."  That 
does  not  look  much  like  decimals ;  he  then  goes  on — I  cannot  quite 
understand  what  he  means — '^  That  I  consider  nearest  perfection,  with 
means  to  enable  us  to  use  decimal  multiples  and  sub-multiples."  But 
he  would  start  with  the  binary  scate.  That  was  in  answer  to  Question 
1968.  Mr.  Siemens  did  not  quote  the  previous  Question^  1967J  when 
the  Chairman  endeavoured  to  force  Sir  George  Airy's  assent  to  the 
decimal  system.  This  is  the  question  and  answer  :  "  Q.  But  if  the 
change  "—that  is^  to  the  decimal  system — "  could  be  made  per  salfnm 
and  you  could  be  transferred  from  your  present  state  into  the  decimal 
system,  do  not  you  think  the  change  would  be  advantageous  ? 
A.  No.*'  That  does  not  look  very  much  hkc  Sir  George  Airy  being 
an  advocate  of  the  decimal  system — the  question  of  the  metric  system 
did  not  then  appear  to  arise. 

Now  as  regards  Sir  John  Herschel.  Writing  on  the  6tli  of  April, 
iS68|  to  Mr.  Bercsford  Hope  on  the  Bill  of  1868  for  the  compulsory 
use  of  the  metric,  he  said,  "  Pray  pardon  me  for  calling  your  attention 
to  this  Bill  of  E wart's  ,  ...  in  the  hopes  that  you  will  oppose 
it  at  all  events  by  vote,  and  perhaps  by  words."  That  does  not 
look  Uke  Sir  John  Herschel  being  an  advocate  of  the  metric  system. 
Beresford  Hope  did  oppose  it.  I  wish  that  time  permitted  mc  to  read 
the  whole  speech  to  yoti,  hut  it  does  not.  He  complains  of  the  proposed 
compulsory  use  of  decimal  s^  and  then  still  more  earnestly  of  the  com- 
pulsory use  of  the  metric  system,  with  its  Greek  and  Latin  terms. 
Although  I  cannot  read  the  whole  speech,  may  I  read  the  following 
extracts  : — 

ErrRACT  FROM  "Hansard's  Paruamkntagy  Debatks,"  Volume  192, 

"  But  I  may  be  told — Halve  away,  hut  then  express  yotir  halvings  in 
decimals.  This  is  very  easy  for  the  merchant  prince  to  do  when  he  is  totting 
up  his  large  transactions  in  '  centals/  or  for  the  Chancellor  of  the  Exchequer 
when  dealing  with  a  nation's  finances  ;  but  how  will  it  suit  the  httle  trans- 
actions of  daily  life  ?  I  come  back  to  my  loaf.  How  are  ordinary  people  to 
represent  halves  and  quarters  by  decimal  points  ?  The  symbol  of  a  half  is 
the  figure  ^  hve/  with  a  dot  to  its  left  hand  ;  the  symbol  of  half  that  quantity 
—that  iii  of  a  quarter^ is  the  sum  twenty- ft ve^  also  W'ith  a  dot  to  its  lett 
hand.  Arithmeticians  understand  how  this  can  come  about,  and  the  symbols 
have  grow^n  natural  in  their  eyes  ;  but  in  what — even  the  mosl  \T\^x\\Vfc*svcK3t\ 
— degree  do  thef  teU  iht^ir  own  story  to  the  unlearned  1    ^\i^\.  ip'sX'^'^ritft 
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;  ^^^^,  relations  towards  each  other  can  be  disentangled  out  of  these  most  frequently 
•amwe  I.  recurring  symbols  ?  What  is  there  in  the  nature  of  things  to  show  that  the 
dotted  five  means  a  half,  and  the  dotted  twenty-five  a  half  of  that  half, 
and  a  quarter  of  the  *  one,'  with  no  dot  on  either  side,  which  stands  for 
unity  ?  Decimal  notation  is  then,  after  all,  as  I  have  l)een  arguing,  a  process, 
and  not  a  system.  It  is  a  process  good  for  the  schools,  and  good  for  the 
bustling  counting-house  and  the  large  sum,  but  the  poor  man  would  be  com- 
pletely thrown  out  if  he  had  to  employ — under  penal  legislation,  too— decimal 
points  for  the  purpose  of  measuring  his  little  purchases  by  halves  and 
quarters." — (Page  1 88.) 

"  One-tenth  part  of  this  gram  is  to  be  a  decigram,  and  ten  times  a  gram  is 
to  be  a  dekagnim,  for  the  reformers  decreed  that  aliquot  parts  were  to  be 
named  after  the  Latin,  and  multiples  after  the  Greek  numerals.    How  in  the 
name  of  common  sense  can  we  make  poor  people  understand  that  because 
there  are  the  letters  '  ci '  in  the  one  word  it  means  the  tenth  of  a  gram,  and 
that  b>ecause  there  are  the  letters  *  ka '  in  the  other  it  means  ten  grams,  or 
100  decigrams  ?    My  hon.  friends  the  Member  for  Dumfries  and  the  Member 
for  Liverpool  come  to  this  House  representing  great  commercial  transactions ; 
but  I  stand  up  for  the  poor  man.    Only  imagine  an  honest  housewife  going 
into  a  shop  and  asking  for  a  decigram  of  pepper,  and  a  dekagram  of  tea ; 
imagine,  too,  the  milkmaid  selling  her  fluid  by  the  litre.    The  Member  for 
Liverpool  is  a  kind-hearted  man  ;  is  he  then  prepared,  with  all  the  stringent 
force  of  a  penal  statute,  to  enact  that  when  one  of  his  youthful  constituents 
mayidesire  to  effect  a  commercial  transaction  in  a  manufacture  for  which  one 
portion  of  that  great  borough  is  famous,  he  should  be  bound  to  go  to  the  shop 
and  tender  his  '  dime  *  for  three  decigrams  of  Everton  toffee  ?    Fancy  the 
farmer,  who  has  been  accustomed  ever  since  he  entered  on  his  farm  to  cultivate 
the  *ten-*  or  the  'twelve-acre  field,'  having  to  consult  the  steward  about 
liming  the  seventeen-are  field,  or  be  a  criminal  and  a  contemner  of  the  laws  of 
his  country.    Fancy  the  bumpkin  who  was  prepared  to  boast  that  he  was 
within  a  decimeter  of  catching  the  fox  as  he  crept  through  a  gap  al>out  a 
dekameter  from  the  white  gate.   If  the  theorists  and  the  men  of  wealth — men 
of  brains,  it  may  be,  but  as  certainly  men  of  self-assurance — have  worked  out 
this  system  for  themselves,  there  are  poor  men,  who  form  the  majority  of 
mankind,  for  whom  it  will  never  answer,  and  there  are  men  of  brains  at 
least  equal  who  are  decidedly  opposed  to  its  adoption." — (Page  189.) 

I  think  this  speech  contains  about  the  best  common  sense,  and  is 
one  of  the  most  convincing  speeches  I  have  ever  read. 

Mr.  Siemens  wants  the  compulsory  metric  system  pure  and  simple. 
He  has  not  dealt  to  any  extent  with  the  decimal  question ;  but  the 
decimal  question  being  an  inevitable  part  of  the  metric  system,  I  must 
deal  with  decimals.  I  believe  a  good  many  of  my  friends  imagine  I  am 
an  opponent  of  decimals.  I  am  nothing  of  the  sort ;  I  cannot  do  without 
them  ;  I  should  be  greatly  troubled  to  extract  a  square  root  or  cube  root 
without  them  ;  and  without  them  I  could  not  use  logarithms.  I  want 
this  to  be  borne  in  mind :  that  of  which  I  am  an  opponent  is  not  decimals, 
but  the  compulsory  use  of  them  on  all  occasions.  It  is  that  to  which  I 
object.  Modes  of  calculation  are  only  tools  to  attain  an  end.  Imagine 
a  carpenter  with  a  bag  of  tools,  including  an  adze,  meeting  an  enthusiast 
about  what  can  be  done  with  an  adze.  The  enthusiast  says  to  the 
carpenter  :  "  You  shall  use  that  adze  on  all  occasions."  "  Oh,"  the 
carpenter  says,  "  nonsense  ;  I  have  other  tools  which  at  other  times  are 
more  convenient."  *'  I  do  not  care  ;  it  shall  be  illegal  if  you  use  any 
other  tool  than  an  adze."  I  suppose  that  anybody  who  brought  that 
forward  would  be  promptly  sent  to  Bedlam.  It  is  the  same  thing 
with  the  obligation  to  use  decimals  on  all  occasions.  Remember,  a 
decimal  is  nothing  but  a  vulgar  fraction  V\\.Vv  2k.  ^^wovcvm^Ltor  of  always 
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one  kind  ;  you  do  not  write  the  denominator*  but  yoa  indicate  by  the  Sfr'^**^ 
position  of  tlie  dedma!  point,  U  you  know  how,  what  the  real  detioQiinator  *^™^' 
would  have  been  if  you  had  writteQ  it.  You  have  one  more  figure  in  the 
denominator  than  you  have  up  above.  Ulien  you  get  a  point  and 
the  figure  ('i),  there  is  in  the  denominator  one  more  figure  tlian  the  i, 
viz.  the  o^  and  you  would  write  as  a  vulgar  fraction  ^  :  the  denominator 
has  tw*o  figures,  that  is  one  more  than  the  numerator,  which  has  only 
one  figure.  \Mien  you  write  dec im ally  a  ^^  you  put  'oi  :  you  have  one 
Jnore  figure  in  the  denominator  than  you  have  in  the  numerator  above, 
and  so  on.  Very  much  practice  h  needed  to  insure  the  accuracy  of 
the  point  before  the  signiiicant  figure  ;  I  think  most  of  you  who  have 
had  anything  to  do  with  the  decimal  calculations  will  admit  that. 

May  I  worry  you  with  one  or  tw^o  instances.  In  1885  a  paper  w*;ts 
read  in  this  room  before  the  Institution  of  Civil  Engineers.  A  large 
illustrated  diagram  was  put  up,  which  Wiis  illustrative  of  decimals,  I 
found  that  the  decimal  point  was  in*  the  wrong  place.  That  was  a 
specimen  diagram  ! 

Then  1  had  a  correspondence  in  the  Times  some  two  or  three  years 
ago  with  a  Frenchman  stopping  in  London  upon  questions  of  decimals, 
and  he  chaffed  me  in  his  letter  at  my  clumsy  mode  of  taking  off  2^ 
per  cent.  What  do  you  think  he  said  he  would  do?  He  said^  "All 
that  I  should  have  to  do  would  be  to  multiply  by  97^5."  I  said  that  all 
I  had  to  do  was  to  take  off  ^th— 2^  per  cent. 

I  will  give  you  another  case  that  came  under  my  own  knowledge  ; 
I  did  not  bring  the  papers  here,  but  I  have  re*looked  at  them.  In 
1897  there  was  an  arbitration  betvveen  a  Water  Company  and  a  Local 
Board  ;  I  was  umpire  m  the  ascertaining  of  the  sum  to  be  paid.  There 
had  been  a  previous  hearing  to  find  out  w^hether  the  Company  was  in 
default  on  the  ground  of  not  being  able  to  give  sufficient  water.  The 
population  of  the  district  was  almost  exclusively  composed  of  working 
miners,  and  among  the  demands  made  w^as  one  of  4  gallons  per  head 
for  manufacturing  purposes  in  a  population  of  working  miners.  The 
Company  were  declared  in  default^  and  the  Local  Board  stepped  in, 
W^hen  they  came  before  me  to  determine  the  sum  to  be  paid,  the  counsel 
who  opened  the  case  for  the  Company  said,  blushing,  "  1  am  very 
sorry*  There  was  a  great  mistake  which  nobody  on  either  side  found 
out  :  that  4  gallons  was  not  4  gallons  at  all ;  it  was  '4 " ;  that  was 
stated  also  by  the  first  witness  w^ho  appeared  for  the  Company.  There- 
fore, here  there  is  an  instance  of  a  body  of  eminent  barristers  and  of 
eminent  engineers  working  together,  and  all  blundering  over  the 
decimal  point. 

Then  there  was  a  communication  in  the  newspaper  when  the  now 
King  was  shot  at  in  Brussels ;  it  came  from  the  Continent,  and,  I 
believe,  from  a  metric*using  countrj\  They  reported  that  the  bullet 
was  'I  metre  long.  I  tried  to  put  that  length  of  metal  into  a  revolver, 
and  found  that  not  only  would  such  a  bullet  have  filled  the  whole 
length  of  the  barrel,  but  that  it  would  have  projected  to  about 
an  equal  length.  I  cannot  help  feeling  that  many  of  us  are  in  the 
position  of  the  man  whom  his  friend  found  figuring  away  to  the  ninth 
or  tenth  place  of  decimals;  and  when  the  kiend  ^aid  lo  \\\tv\/'^\^>a 
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*m^^,       are  you  taking  all  this  trouble  ;  no  such  accuracy  as  this  is  needed  for 

-mwcu,      this  case  ? "  he  replied,  "  The  fact  is  I  am  by  no  means  sure  of  my 

first  figure  on  the  left  hand,  but  I  am  determined  to  cure  any  mistakes 

by  going  on."    As  I  say,  I  like  decimals  when  they  are  in  the  right 

place,  but  not  otherwise. 

On  many  occasions  I  find  it  better,  and  mankind  has  found  it  better, 
to  use  i,  i,  and  so  on  ;  that  is  to  say,  that  whereas  the  decimal  is 
a  vulgar  fraction  with  a  denominator  always  of  the  same  kind,  these 
vulgar  fractions  have  the  numerators  always  of  the  same  kind,  namely, 
I,  and  especially  mankind  will  use  these  vulgar  fractions  when  the 
fractions  are  arrived  at  by  repeated  divisions  by  2,  and  will  not  use 
•5,  -25.    I  remember  in  a  farce  there  was  introduced  a  clerk  who  was 
a  joint  clerk  to  four  briefless  young  barristers,  who  was  called  by  each 
of  them  "  '25,"  showing  that  the  decimal  system  had  reached  the  law. 
Humanity  jibs  even  at  '5  and  '25  ;  but  when  you  get  to  J  ('125)  it  is  alittle 
complex  :  V?  ('0625)  is  still  worse  ;  y*,  C03125)  is  "  worser  "  ;  and  ^^— all 
these  figures  are  legitimate  divisions  and  are  used  in  respect  of  shares 
in  ships  and  so  on — (-015625)  is  still  worse.  They  are  terribly  unwieldy, 
but  they  are  accurate.     But  when  we  come  to  the  other  fractions — i,  i, 
I,  and  J — they  are  both  unwieldy  and  inaccurate,  and  yet  I  am  to  be 
compelled  to  use  them  when  I  do  not  want  to  do  so.    The  worst  case, 
of  course,  is  the  \  (0-142857).    For  men  like  the  late  G.  P.  Bidder  and 
Zerah  Colbourne,  and  for  some  ladies  now  living,  such  a  mass  of  figures 
as  these  present  no  difficulty,  but  to  me  they  are  insuperable.    I  can 
now  only  do  the  most  rudimentary  mental  calculations ;  when  I  was 
younger  I  could  do  them  pretty  well,  and  I  found  them  of  the  greatest 
possible  use.    Are  there  any  gentlemen  in  this  room  who  can  mentally 
square  3-142857  (3I)  and  give  the  result  in  decimals  ?    I  should  be  very 
glad  and  very  much  surprised  if  any  one  of  you  will  get  up  and  do  it 
Suppose  I  wanted  to  square  3I,  and  am   allowed  to  use  the  vulgar 
fraction  ;  it  is  done  in  a  moment :  3  times  3  are  9,  3  times  \  twice  over 
are  ^,  and  |  of  a  |  is  ^V  =  9JI«     I  cannot  square  mentally  4*875,  but 
I  can  square  mentally  4J  (23!$). 

In  this  particular  I  appeal  to  all  of  you  who  have  travelled,  as  every 
one  has  in  these  days,  whether  it  is  not  the  fact  that  the  clerk  at  the 
ticket-office  of  a  foreign  railway  is  compelled  on  the  simplest  question  of 
multiple-tickets  or  of  multiple-conditions  of  ticket,  to  take  a  piece  of 
chalk  or  a  pencil  and  make  a  calculation  before  the  amount  to  be  paid 
can  be  stated.  Compare  that  with  an  English  railway  clerk.  You  say, 
"  Two  firsts  from  A.  to  B.,  two  thirds,  and  a  child  ; "  and  he  will  mentally 
calculate  it  immediately,  and  accurately.  Together  with  my  wife  I  came 
from  Marseilles  to  Paris  some  years  ago.  I  thought  that  at  Marseilles 
they  had  charged  a  very  high  fare,  although  I  simply  took  two  first- 
class  tickets.  I  was  right ;  their  arithmetic  was  wrong  owing  to  their 
upbringing,  but  their  honesty  was  everything  to  be  desired,  for  when 
we  reached  Paris  I  was  asked,  "  Did  you  pay  so-and-so  at  Marseilles?" 
'*  Yes,"  I  replied,  and  I  had  the  extra  money  returned  to  me.  Their 
honesty  could  not  be  improved,  even  by  vulgar  fractions,  but  with  the 
vulgar  fractions  they  would  not  have  made  the  mistake.  Again,  take 
an  English  butcher's  wife  or  daug\\te  *,  c)\\b^.  ol  mw\X.Qxvvi.\. \^\d»-- it  is 
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one  in  a  moineiit.  t  shall  be  glad  if  an}^  one  will  tell  me  what  assist-  ^r  t^Vedi^^ 
ance  decimals  are  in  any  one  of  the  four  rules  of  anthmetic,  except  in 
the  addition  of  such  matters  as  £  s-  d,^  or  feet  and  inches.  Tliey  are  no 
good  in  division^  they  are  no  good  in  subtractioUj  and  they  are  the  very 
.  ,  -  .  in  raullipUcation.  No  doubt  in  £  s.  d,  and  feet  and  niches  they 
do  save  the  mental  division  by  13  and  by  jo,  but  I  regret  that  saving, 
because  it  gets  rid  of  a  perpetual  opportunity  of  doing  a  little  mental 
arithmetic,  and  I  deprecate  anything  that  does  away  with  the  use  of 

rental  arithmetic, 
I  have  dealt  at  length  with  decimals  because  they  are  involved  in 
the  metric  system.     Not  only  docs  the  metric  system  trouble  one  with 
decimals  on  all  occasions^  but  you  have  the  new  fantastic  terms  in 
Greek  and  Latin  to  which  Beresford  Hope  alluded.    As  I  have  said 
before,  a  merchant  Can  adopt  the  metric  system  if  he  pleases,  but  why 
is  it  to  be  imposed  on  tradesmen  and  workmen  ?    I  will  give  you  some 
notion  of  the  magnitude  of  our  ordinary  weights  and  measures,     Mn 
Chaney,  the  Warden  of  the  Standards — this,  I  believe,  is  the  title  of  the 
gentleman  who,  at  the  Board  of  Trade,  looks  after  the  weights  and 
measures— said  before  the  Committee  of  1895  that  in  the  year  1893-4 
they  had  stamped  3J  million  individual  weights  or  measures.    That 
gives  you  some  idea  of  the  mere  year's  output  in  weights  and  measures, 
and   what  the  extent  of  the  change  would  be  and  how  great  the 
annoyance.     It  would  be  an  intolerable  annoyance,  and  to  my  mind 
even  sumptuary  laws  would  be  preferable,     I  %vould  very  much  rather 
the  Government  legislated  upon  the  shape  of  my  hat  or  the  make  of  it, 
or  upon  the  material  of  my  coat  and  the  "  cut "  of  it,  than  that  they 
should  legislate  upon  the  way  in  which  I  should  make  my  calculations- 
Mr,  Siemens  brought  forward  some  eminent  names  in  his  fa^'ouri 
but    not   their  arguments.    The  scientific  man   fed   on    French   and 
German  books,  the  merchant,  often  a  foreigner  or  of  foreign  descent, 
too  laKy  to  use  the  metric  system  themselves,  want  to  inflict  it  upon  the 
whole  of  us.     Mr,  Siemens  quoted  Sir  George  Airy  as  being  in  favour  of 
decimals,     I  think  1  settled    that  matter.     Airy  said  "  No.'*     "  Would 
not  it  be  a  benefit  ?  "     '*  iVo .' "     As  regards  Herschel,  I  have  already 
amd  he  wrote  to  Beresford  Hope,  **  For  heaven's  sake  go  and  speak  in 
the    House  and  stop  this  Bill  for  the  compulsory  use  of   the  metric 
system," 

Now  may  I  refer  to  Mr.  Coleman  Sellers.  1  need  hardly  tell  you 
that  he  is  the  Wliit worth  of  the  United  States  ?  He  tried  the  metric 
system  for  twenty  years  in  one  department  of  his  works,  and  condemned 
it*  Rankine^  again,  is  not  a  bad  name  to  quote.  His  feeling  in 
opposition  to  the  metric  system  was  so  great  that  he  broke  into  poetry, 
the  celebrated  '*  Song  of  the  three-foot  rule/*  the  concluding  lines  of 
which  are— 

»*■  Oh,  bkiis  thtir  eyes,  if  ever  they  tdess 
To  put  clown  the  three-fout  rule," 

I  cannot  help  thinking  that  the  second  word  of  the  first  hne  must  be 
a  typographical  error  I  I  beg  your  indulgence  for  a  short  time  while 
I  deal  with  Napoleon*  I  have  felt  that  his  views  on  the  matter  ^writtew 
by  General  Comtc  dc  Montholoaf  were  so  pertment  IVval  \  V*i.\e>  Va?£KA\ 
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the  trouble  to  extract  theni  from  tbe  work,  and  to  have  thern  printed 
in  the  French,  I  have  prepared  a  somewhat  loose  translation  in 
English,  bnt  loose  as  it  may  be  I  think  it  expresses  the  real  meaning 
of  the  French.    Napoleon  says  : — 

i.  The  need  of  uniformity  in  weights  and  merisure^  has  been  felt  through- 
out all  ages  ;  several  times  the  Etats  Generaux  have  alluded  to  It.  It  was 
expected  the  Revolution  would  achieve  this  unification. 

2.  The  law  needed  for  this  matter  was  so  simple  that  it  could  have  been 
written  out  in  twenty-tour  hours,  and  ctmld  have  been  adopted  and  put  into 
practice  throughout  the  whole  of  France  in  less  than  a  year^  All  that  was 
required  w  as  to  make  the  Units  of  Weights  and  Measures  of  Paris  the  only 
legal  units  throughout  France. 

3.  The  Govern  men  tp  the  aitisans^  had  for  generations  past  used  these 
weights  and  measures*  By  sending  standards  to  every  Commune,  and  by 
ordering  the  Administration  and  the  Tribunals  not  to  recognise  any  others, 
this  retonn  would  have  been  carried  out  without  trouble,  inconvenience^  or 
coercive  meatiures. 

4.  The  geometers,  the  aigebraistsj  were  conisultcd  in  a  questit>n  which 
w^as,  in  fact^  purely  one  of  an  administrative  character.  They  thought  that 
the  unity  of  weights  and  measures  should  be  deduced  from  some  natural 
order  J  so  that  it  might  hti  adopted  by  all  the  nations. 

5.  They  were  of  opinion  that  it  would  not  isuffice  merely  to  do  good  to 
forty  millions  of  men,  they  wished  the  w^hole  universe  to  participate. 

6.  They  found  the  metre  to  be  an  aliquot  part  of  the  meridian.  They 
proved  it  (tu  Iheir  own  satisfaction),  and  proclaimed  jt  in  an  assembly  of 
French,  Italian,  Spanish  and  Dutch  geometers, 

7.  A  new  unit  of  weights  and  measures  wuis  imniediately  decreed  w^hich 
neither  ' '  titted  in  "  with  tlie  regulations  of  the  Public  Services,  nor  with  the 
'^  rules  and  tables  *'  of  tlie  manufacturers,  nor  with  the  dimensions  of  any 
existing  machine. 

8.  Moreover,  as  a  fact,  the  advantages  of  this  system  could  not  extend  to 
the  whole  universe.  It  was  impossible.  The  national  spirit  of  the  English 
and  of  the  Germans  was  opposed  to  it. 

g.  Jf  Gregory'  VII.,  in  reforming  the  Calendar,  was  able  to  render  that 
reformation  universal  throughout  Europe,  it  Avas  because  this  reform  was 
connected  with  religious  ideas  ;  that  it  had  not  been  made  by  a  nation,  but  by 
the  power  of  the  Church. 

10.  Thus  the  comfort  of  the  present  generation  was  sacrificed  to  abstrac- 
tion and  to  vain  hopes,  because,  for  an  old  nation  to  adopt  a  new  unit  of 
w^eighls  and  measures,  it  h  needful  to  remake  all  rules  of  pubhc 
administration,  all  the  calculations  used  in  the  arts.  Such  a  work  alarms 
Ihe  reason. 

11.  The  new^  unit  of  w- eights  and  measures,  such  as  it  was,  had  an 
ascendmg  and  a  descending  senile,  which  did  not  tie  in  by  simple  numbers 
with  the  scale  of  the  units  of  w^eights  and  measures  which  for  centuries  has 
sntiiced  for  the  Government,  the  scientific  men,  and  the  manufacturers. 

12.  The  translation  cannot  be  made  from  one  to  the  other  system,  because 
that  which  is  expreysed  by  the  most  simple  numerals  in  the  old  system 
demands,  in  the  new,  composite  figures. 

13.  it  became  necessary,  therefore,  either  to  increase  or  diminish,  by  some 
fractious,  in  order  that  the  measurement,  or  the  weight,  when  expressed  in 
the  new  nomenclature,  should  be  in  simple  hgures. 

14.  Thus,  for  example,  a  soldier's  ration  is  expressed  in  the  ancient 
nomenclature  as  24  u/.  This  is  a  verj''  simple  expression  ;  translated  into  the 
neW]  it  gives  734  grammes,  J59  milles. 

J 5,  Thus  it  is  evident  thai  to  arrive  at  the  whole  numbers  (;34  or  735 
grammes),  there  must  be  augmentation  or  diminution. 

16*  All  the  pieces  and  lines  relating  to  architecture  ;  all  the  tools  and  the 

parts  used  In  clockwork,  in  jewellery,  in  publishing,  in  all  the  arts,  in  all  the 

instruments,  in  all  the  machines,  had  been  studied  and  calculated  in  the 

ancient  nomtsrchiinrcj  and  are  ejfpressed  by  simple  numbers,  w^hiJe  die  trans^ 

Jstfojj  net^dt^d  //timbers  composed  ot  ftve  oy  &\x  ltv^\xtc^  \  thus  ;dl  must  bu 
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over  again.    The  ^*  savants  *'  conceived  another  idea,  altogether  nullifying   Kr  Fredlt 
the  benefits  of  unity  of  weights  and  measures^  for  they  adopted  in  their  BnunwcIL 
scheme  the  decinml  humerution  ;  they  took  the  metre  as  their  unit,  and  they 
suppressed  iiU  other  titarting  points. 

ly,  Nolliing  can  be  more  contrary  to  the  organisation  of  the  mind,  the 
memory,  and  the  imagination. 

18.  A  fathom,  a  frntt,  an  inch,  a  lineT  a  point  (yV^^  '>f  ^  Ime),  are  fixed 
portions  of  lengthy  which  the  imagination  readily  conceives  independently  of 
their  relation  to  one  another,  tft  therefore,  one  asks  for  one- third  of  an  inch^ 
the  mind  operatei;  i  in  mediately  ;  it  is  a  portion  of  length  called  an  inch  w^hich 
is  to  be  divided  into  three  equal  parts. 

U).  By  the  new  syiitem,  on  the  contrary,  it  is  not  the  operation  of  dividing 
an  inch  into  three  which  ha^  to  be  performed  by  the  mind  ;  but  it  is  the 
division  of  a  metre  into  iir  parts.  The  experience  of  ages  has  shown  the 
difficulty  of  dividing  a  distance  or  a  weight  beyond  12,  for  at  each  of  these 
divisions  there  has  been  created  a  new  "  terjn  "  or  starting  point. 

20,  If  one  wanted  the  y'jth  part  of  an  inchj  the  operation  was  already 
made;  it  was  the  "term"  'Migne." 

zi.  Decimal  numeration  could  (under  the  old  system)  be  applied  to  all  the 
"  terms,"  and  if  an  hundredth  of  a  "  pohit*'  or  of  a  *'  ligne  *'  was  recjuired,  one 
wrote  xhct^^  S  ^^^  ^^  ^^^  wishes  to  express  an  hundredth  of  a  "'  ligne''  by  the 
new  system  one  has  to  consider  its  relation  to  the  metre,  which  causes  endless 
calculation, 

22,  The  divisor  12  has  always  been  preferred  to  the  divisor  lo,  because  10 
has  only  2  factors— 2  and  5  ;  while  12  has  4,  viz.,  2,  3,  4  and  6.  It  is  true  that 
the  decimal  numeration^  generalised  and  exclusively  adapted  to  the  metre,  as 
unity,  affords  facilities  to  astro nomei*s  and  to  mathematicians^  but  these 
advantages  are  far  from  compensating  for  the  inconvenience  of  rendering  the 
thinklng'Out  more  difticult. 

25 >  The  first  object  of  every  method  should  be  to  aid  conception  and 
imagination,  to  assist  the  memory,  and  to  give  greater  power  to  the  mind. 

24.  The  various  **  terms ''  are  as  old  as  inan,  because  they  are  In  the  very 
nature  of  his  organisation,  just  as  it  Is  In  the  nature  of  decimal  numeration  to 
adapt  lUelf  to  each  unity,  and  to  each  "  term,"  and  not  to  one  unit  exclusively. 

Furl  he  r^  these  sdejitiftc  men  used  Greek  roots,  thereby  augmenting  tlie 
difficulty.  Such  denominations,  though  they  may  be  serviceable  to  the 
scientists,  are  not  good  for  the  public* 

The  "  Weights  and  Measures "  were  among  the  great  afifalrs  of  the 
Directoire. 

Instead  of  leaving  it  to  the  influence  of  time^  and  of  contenting  themselves 
with  encouraging  the  new  system,  by  means  of  example  and  of  custom,  they 
make  coercive  lawst  which  w*ere  executed  with  vigour. 

The  merchants  and  the  people  found  themselves  harassed  for  that  which 
w*as  in  fact  a  matter  of  indifference.  This  contributed  still  further  to  make 
unpopular  an  administration  wiiich  placed  itself  aloof  i^rom  the  wants  and 
the  powers  of  the  people  ;  which  violently  broke  their  practice,  their  habits 
and  their  customs  j  just  as  might  have  been  done  by  a  Greek  or  Tartar 
conqueror^  who,  with  the  nx!  of  power  upllftedj  enforced  obedience  to  his 
will,  who  commanded  according  to  his  prejudices  and  his  Interests,  regardless 
of  those  of  the  vanquished.  * 

The  new^  system  of  weights  and  measures  will  be  the  source  of  embar- 
rassment and  difticulty  for  many  generations,  and  It  is  probable  that  the  first 
scientific  commission  to  whom  it  is  given  to  verify  the  measurements  of  the 
meridian  will  find  some  corrections  to  make.  It  is  a  tonnenting  of  the  people 
for  mere  trifles. 

1  have  the  honour  entirely  to  agree  with  Napoleon  upoa  those  points. 

Now,  what  are  the  facts  ?  The  intended  ennnieration  was  meant  to 
be  the  millimetre  expressed  by  o'ooi.  But  this  is  not  used.  People 
write  m.m.  Again,  the  centimetre  :  nowadays  they  do  not  write  o'oi, 
but  when  dealing  with  capacity  they  write  c.c.  I  thought  they  were 
County  Councillors  when  I  saw  it  first,  Thousaad  k\lo$,.,  v^  wA  m.^^^ 
— a  new  naiiie^  3  tonne^ 
Vol.  82,  20 
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Miiy  I  ask  your  indulgence  for  another  "0833'  of  an  houti  or  better, 
an  hour  is  not  a  decimal  portion  of  a  day,  for  another  *oo347  of  a  day 

It  is  very  good  of  you  to  accord  it  to  me,  but  T  question  how  many 
of  you  knew  that  I  asked  for  five  minutes^ 

I  will  use  these  five  minutt^s  to  call  your  attention  to  the  sacrifice  we 
should  make  of  the  short  cuts  that  we  have  come  to  frorn  the  practice 
of  years-  I  am  too  old  a  dog  to  learn  new  tricks;  it  would  take  me 
some  lime  to  find  similar  short  cuts  with  the  metric  system.  These 
are  some  of  the  short  cuts  with  our  present  weights  and  measures: — 
A  foot  super  of  iron,  i  ^i^*  thick  equals  5  lbs.  Cubic  inches  of  cast  iron, 
divide  by  4  and  add  ^^jth  you  get  lbs.  In  round  iron  you  only  want  to 
know  the  diameter  in  eighths  and  you  get  the  weight  in  feet 
immediately.  Take  for  example  if.  That  is  yths.  Square  11^  12 1^ 
divide  by  25,  or  multiply  by  '4^  equals  484  lbs.  per  foot.  That  is 
a  short  cut  in  which  you  may  usefully  employ  a  decimal.  One 
cubic  foot  of  water  =  62^^  lbs.  ^jIjOOO  ounces.  Due  inch  deep  of 
water  ofif  an  acre  is  loi  tons ;  an  inch  off  a  square  mile  in 
year  is  40,000  gallons  per  diem.  Every  yard  stroke  made  by 
pump  gives  you  a  lb*  for  each  circular  inch.  Thus  an  8  in.  pump, 
times  8,  64,  64  gallons  for  each  yard.  I  use  the  '4  when  1  want  to.  A 
halfpenny  laid  on  an  inch  ordnance  map  covers  500  acres.  Nothing 
has  been  said  by  Mr,  Siemens  about  the  multiplicity  of  British  lociil 
weights  and  mcasuresj  a  complaint  which  has  been  so  commonly  made 
by  the  advocates  of  the  metric  system,  and  therefore  as  he  has  not  said 
anything  about  it  I  need  not  say  to  him  in  popular  language,  "  You're 
another,"  But  it  is  a  question  which,  if  it  had  ariseUi  I  should  have 
asked  permission  to  read  extracts  from  a  letter  from  the  Timc^  of  the 
13th  of  April,  1896,  from  our  member,  Mr.  Robert  K.  Gray ;  it  is  a  pity 
it  should  be  lost.     It  is  as  follows  : — 

This  ordon nance,  be  it  remarked,  was  issued  abcmt  forty-four  years  after 
the  metric  and  decimal  system  wa55  devised,  and  is  now  fifty-seven  years  old. 
One  might  suppose  that  these  10 1  years  would  have  sufficed  to  make  the  use 
of  the  system  general  in  France,  but  this  is  not  so.  Precious  stones  are  to-day 
bought  and  sold  in  carats  ;  firewood  in  cordes  ;  milk  in  puites  ;  gravel  in 
toises  ;  grahi,  potatoes,  and  charcoal  in  bolsseaux  ;  wine  in  barriques,  feuil- 
lettest  demi-setiers,  and  chopines  ;  wood  for  construction  in  pieds^  pouces,  and 
lignes  ;  beer  in  eanettes  and  pots  ;  su^jar  and  tea  among  the  poor  people  is 
dealt  with  in  livres,  demi-livret;,  &c.  Callle  dealing  is  carried  on  in  pistol, 
and  ecus,  and  not  in  francs* 


i 


1 


The  jeweller  in  exercising  his  trade  finds  a  carat  a  very  serviceable  unit, 
and  no  doubt  the  student  of  exact  sciences  Hnds  the  deciinal  relations  between 
the  units  whlcli  exist  in  the  metric  system  a  great  advantage  ;  but  why  this 
jeweller  should  insist  on  the  students  adopting  the  units  the  jeweller  finds 
best,  or  vke-versa^  I  fail  to  see* 

The  weight  of  a  truckload  of  coals  can  tiardly  be  conveniently  expressed 
in  carats^  and  as  the  greatest  weight  mentioned  in  the  metric  system  1$  the 
myriagramme  of  approximately  22Q  lb.,  this  system  is  also  unserviceable  for 
dealings  in  large  weights. 

I  think  that  will  answer  any  objection  that  the  metric  system  has 
not  secured  uniformity  among  the  traders  in  France, 

One  fmul  remark*     In  the  Press  and  before  the  public  the  advoi 
ol  change  is  ahvays  at  an  advantage  over  t\ifi  B(^"HOca.\a  ol  Vi^\\w^U\m^ 


has     . 
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as  the  J  are.  The  advocate  of  change  wants  something  different^  and 
therefore  he  cries  out  for  it,  and  you  hear  all  the  noise  he  makes. 
People  who  arc  content  with  the  present  thing  do  not  go  about  crying 
out  ''We  arc  contented/'  and  therefore  yon  do  oot  hear  them,  although 
their  opinions  are  there  in  larger  numbers  probably  than  those  of  the 
persons  who  want  the  change*  I  do  beg  of  yoti  to  bear  this  in  mind 
when  yoy  see  it  said  *'  that  at  an  enthusiastic  meeting  So-and-so  s;iid 
so-and'So,  and  So-and-so  said  so*and-so/'  and  to  remember  that  you 
cannot  get  people  who  are  content  with  that  which  exists  to  go  to  an 
enthusiastie  meeting ;  they  do  not  believe  it  will  be  of  any  use^  and  they 
say  "  What  is  the  good  of  going  to  hear  that  nonsense/'  People  do 
talk  that  kind  of  thing, 

I  wish,  Mr*  President,  to  thank  you  and  the  members  present  for  the 
great  patience  with  which  you  have  listened  to  me. 

The  President  announced  that  the  scrutineers  reported  the  follow- 
ing candidates  to  have  been  duly  elected  ;— 

Member, 
Arthur  Moore  Thompson. 


John  Martin  Blair. 
Edwin  Edward s* 
George  Henry  Gibson, 
Archibald  John  Hedgecock 
Charles  Tranter  Linney. 


John  Meikle  Bontch. 
Andrew  S*  Gray, 
Francis  Barritt  Hills, 
Bertram  George  Kelly. 
Max  Levinger 
Reginald  Lacey  Lunt, 


AssodaU  Members. 

Arthur  Edwin  McKenzie, 
Arthur  Mills, 
Sven  Norberg, 
Ernest  Edward  Smeeton, 
Adamson  George  Wild. 

AssQciaics, 

Joseph  Makin. 

Ernest  Gordon  Dewar  Mathews, 
Thomas  Green  Richardson* 
Stewart  Augustus  Sillem, 
Sidney  Lyon  Smith, 
Norman  West, 
James  W.  Wonf  or. 


Sitidenh. 


Keith  Bradbury  Barlow, 
Jesse  Haigh  Baxter. 
Henry  Morrison  Bremner, 
Joseph  Griffiths  Clare. 
Wm,  Anselm  Coates, 
Geo*  Mather  Craig. 
Thomas  Russell  Davidson. 
Bernard  Palmer  Fisher  Deane, 
Sydney  George  Frost, 
George  Rupert  Grifim. 
Owen  Lewis  Ilbert, 
William  Dallas  Long  Jupp, 
Edmand  Weston  Kay, 


Sidney  Charles  Kcfford, 
W^  H.  Lowe, 
Frederick  Hill  Masters* 
Joseph  Meech, 

Walter  Reginald  Mickclwright. 
Stanley  Melbourne  Mohr. 
Harold  W.  Purle, 
Henry  Withers  Refford. 
Harold  \Vm,  Towncnd  Sabine. 
Nils  Percy  Patrik  Sand  berg. 
James  Benjamin  Spellar, 
Alexander  T\\Citii^KstY, 
Frauds  ^N ,  M^\\^ou. 


Sir  Frt 
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The  Three  Hundred  and  Eighty-se%^enth  Ordinary  Genera! 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  Great  George  Street,  Westminster, 
on  Thursday  evening,  February  5th,  1903,  Mr.  James 
Swinburne,  President,  in  the  chair.  r 

The  minutes  of  the  Ordinary  General  Meeting  held  on  January  22nd^  ^ri 
1903,  were  by  permission  taken  as  readi  and  signed  by  the  President,      ^| 

The  names  of  new  candidates  for  election  into  the  Institution  were 
also  taken  as  read,  and  it  was  ordered  that  these  names  should    be  ^t 
suspended,  ^| 

The  following   list  of   transfers  was  published    as  having   been 
approved  by  the  Council : — 

From  the  class  of  Associate  Members  to  that  of  Members — 

Thomas  Hesketh. 

From  the  class  of  Associates  to  that  of  Members^ 

Walter  Cullingford  Goodchild.     |   Hugh  Lionel  Randolph. 

From  the  class  of  Associates  to  that  of  Associate  Members — 


David  Armitage* 
Frederick  Rains  Batty. 
Arthur  Christian  Gibbons. 
Archibald  John  Howard. 
Wm,  Noel  York  King. 


Alexander  Lindsay. 

J  as.  Walker  Ormistou  (Major  R*A.) 

Geo.  Ernest  Murray  Stone. 

Geo.  Stamp  Taylor. 

Lancelot  Wm,  Wild, 


From  the  class  of  Students  to  that  of  Associates — 

Benjamin  Adair  Malcolm  Boyce. 

Messrs.  L  Vv\  Chubb  and  C<  W*  Fourniss  were  appointed  scrutineers 
of  the  ballot  for  the  election  of  new  members. 

Donations  to  the  Library  were  announced  as  having  been  received 
since  the  last  meeting  from  H.  M.  Patent  Office^  and  Mr.  Charles 
Brigliti  Member  ;  to  the  Buihiitig  Fund  from  Messrs.  G.  W.  Bousfield, 
M*  B.  Byngj  H,  C.  Chan  Don.  E.  Faw^ssettj  S.  E.  Glendenningj 
R.  J.  Hatton.  H.  E.  Herring,  E.  Pink,  R.  O,  Ritchie,  J.  Shaw, 
H,  D.  Symons,  J.  A,  Troughton,  G.  Walsh  ;  and  to  the  Benevolent  Fttfid 
from  Messrs.  G.  W.  Bonslield  and  J.  G.  Wilson^  to  whom  the  thanks  of 
the  meeting  were  duly  accorded. 

The  President  :  We  will  now  proceed  with  the  adjourned  dis* 

cussion  on  the  Metric  System,    You  will  remember  that  Sir  Frederick 

Brafliivell  opened  for  the  English  system,  and  he  would  now  like  to 

^dd  M  little  to  what  he  said  on  the  \a^t  occa^vo^. 


I 

4 
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Sir  Frcdk, 


I 


Sir  Frederick  Bramwell  F-RS.  :  I  wish  to  thank  Mr.  Siemens 
for  having  endeavoured  to  call  my  attention  to  a  mistake  into  which  I 
had  fallen.  His  observations  were  perfectly  pertinent  to  the  occasion. 
I  imagined  that  those  tremendous  penalties  in  the  Acts  were  penalties 
invented  by  the  advocates  of  the  metric  system  to  get  it  enforced.  He 
■tried  to  call  my  attention  to  the  fact  they  were  a  mere  repetition  of  the 
penalties  existing  in  the  Acts  which  enforce  the  English  system.  All  I 
can  say  about  it  is^  that  although  they  ^lonnd  equally  dreadful  in  both 
cases,  to  my  mind  under  the  English  system  there  was  so  little  likeli- 
hood of  punishment  that  the  pemdties,  dreadful  as  they  were,  were 
not  likely  to  be  inflicted  :  whereas,  if  the  same  penalties  are  enforced 
in  regard  to  the  compttlsory  introduction  of  the  metric  system, 
infringement  and  punishment  vvill,  I  expect^  be  very  great*  Having 
said  that  much  I  wish  to  call  your  attention  to  one  thing,  namely,  that 
this  metric  system  is  being  forced  upon  us  practically  by  the  French 
nation.  It  does  not  seem  to  me  becoming  to  such  a  nation  to  force  the 
metric  system,  or  anything  else  relating  to  numeration,  upon  others. 
Just  fancy!  to  the  present  day  they  cannot  tell  you  99  in  words 
without  resorting  to  the  childish  expedient  of  four  20' s,  one  jo,  and  a  9, 
and  those  are  the  people  who  are  going  to  try  to  make  the  whole  world 
go  right ! 

The  only  other  thing  I  have  to  say  is  to  ask  Mr.  Siemens,  when  he 
is  consulted  about  the  framing  of  the  new  Bill,  to  put  in  a  "  Con- 
scientious Objector"  clause,  as  they  did  in  the  Vaccination  Act. 

Mr.  J.  Emersox  Dowson  :  T  think  that  in  a  serious  discussion  such  Mr.Dowson. 
as  this  iSj  it  is  important  that  \vc  should  have  clearly  in  our  minds  why  we 
arc  comparing  the  metric  weights  and  measures  with  those  of  the 
Imperial  system  which  is  now  in  use,  I  hope  you  w4H  agree  with 
me  that  it  is  not  merely  to  contrast  their  relative  merits,  but,  above  all, 
to  see  how  far  we  can  and  should  adopt  an  International  system-^ 
uiiiversal  language,  so  to  speak,  of  weights  and  measures.  With  these 
few  preliminary  remarks  I  will,  not  only  for  myselfT  but  for  the  Decimal 
Association  w*hom  I  represent,  endeavour  to  meet  some  of  the  points 
which  Sir  Frederick  Bramwell  has  brought  before  us. 

In  the  first  place,  with  regard  to  Napoleon*  No  one  can  question 
the  military  genius  of  the  great  soldier-emperor,  and  he  may  have 
been  an  authority  in  his  time  on  the  subject  of  weights  and  measures  ; 
but  whether  he  was  so  or  not,  I  can  hardly  suppose  that  our  engineers 
and  manufacturers  of  to-day  will  be  much  influenced  by  what  Napoleon 
may  have  said  on  the  subject  some  eighty  years  ago*  Since  then  our 
commercial  relations  with  other  countries  have  changed  greatly,  and 
whether  we  hke  it  or  not,  the  plain  fact  remains  that  after  France  had 
proved  that  the  metric  system  of  weights  and  measures  was  practical 
and  good,  it  was  adopted  by  Austria,  Belgium,  Germany,  Greece, 
Holland,  Italy,  Norway  and  Sweden,  Portugal,  Spain,  and  Switzerland  ; 
in  fact,  by  all  the  European  countries  except  Great  Britain  and  Russia, 
It  has  also  been  adopted  throughout  South  America  and  in  Japan*  As 
regards  Mr.  Beresford-Hope,  Sir  Frederick  Bramwell  advised  us  all  to 
read  the  speech  made  by  this  Member  of  Parliament  some  forty  years 
ago  against  the  metric  system,  and  I  for  otkc  \izs^  dotvc  %o.    "^^  ^-iv^ 
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r.  DowKML  "  Only  imagine  an  honest  housewife  going  into  a  shop  and  asking  for 
a  decigramme  of  pepper,  and  a  dekagramme  of  tea."  I  reply  that  in 
the  ordinary  affairs  of  life  no  one  wants  to  buy  the  tenth  part  of  a 
gramme  of  pepper,  or  of  any  other  commodity.  Also  the  term 
dekagramme  is  seldom  if  ever  used,  and  the  purchaser  should  ask  for 
ten  grammes  and  not  a  dekagramme  of  whatever  he  wants.  Mr. 
Bercsford-Hope  also  said  :  "  If  a  housewife  has  to  cut  up  a  loaf  for  her 
family  she  divides  it  into  2,  into  4,  into  8,  or  into  16  parts."  I  don't 
think  this  is  the  usual  way  of  dealing  with  the  domestic  loaf,  but, 
after  all,  what  has  it  to  do  with  the  practical  adoption  of  a  decimal 
system  for  general  purposes,  seeing  that  the  binary  divisions  will  always 
be  used,  and  should  be  used  as  far  as  possible,  whatever  may  be  the 
system  of  weights  and  measures.  Mr.  Beresford-Hope,  however,  went 
further,  and  said  :  "  Supposing  the  loaf  to  weigh  originally  a  pound, 
each  of  these  sixteen  divisions  comes  to  an  ounce."  But  one  might 
reply  that,  supposing  the  housewife  had  to  divide  .the  loaf  into  five  or 
ten  parts  of  equal  weight,  she  could  not  do  so  with  the  ordinary  house- 
hold weights  of  pounds  and  ounces,  whereas  in  the  metric  system  it 
would  be  quite  easy.  The  fact  is  that  no  system  is  the  best  under  all 
circumstances,  and  from  a  practical  point  of  view  we  have  to  select 
that  which  presents  the  greatest  number  of  advantages.  As  to  foreign 
trade.  Sir  Frederick  Bramwell  admits  that  our  manufacturers  and 
merchants  must  be  handicapped  in  their  dealings  with  metric 
countries,  if  they  do  not  make  and' sell  on  the  metric  basis.  But  to  do 
this  under  existing  conditions  they  must  use  one  set  of  weights  and 
measures  for  their  foreign  trade  and  another  for  the  home  trade.  There 
is  not  time  for  me  to  consider  all  the  losses  and  inconveniences  this 
entails,  but  I  think  you  will  agree  with  me  that  a  dual  system  has  many 
obvious  drawbacks,  and  cannot  be  right.  So  far  as  I  can  judge,  the 
remedy  is  to  have  one  international  system  for  all  purposes. 

Decimals. — The  importance  of  always  dividing  without  a  remainder 
has  been  greatly  overrated,  and  actually  all  scientific  men  of  the  present 
day  use  the  metric  weights  and  measures  and  no  others.  It  is  also  a 
mistake  to  suppose  that  if  a  decimal  system  were  generally  adopted, 
vulgar  fractions  could  not,  or  would  not,  be  used.  Decimals  are  not 
upheld  as  exclusively  right,  but  rather  as  preeminently  convenient; 
and  when  in  certain  cases  it  is  quicker  or  more  accurate  to  use  vulgar 
fractions,  undoubtedly  they  should  be  used.  This  is  the  common 
practice  in  all  metric  countries. 

It  is  also  worth  noting  that  at  the  present  day  a  decimal  system  of 
coinage  has  been  adopted  by  every  civilised  country  in  the  worlds  except 
Great  Britain  and  some  of  her  Dependencies.  It  is,  moreover,  a  fact 
that  in  no  single  instance  has  any  country  given  up  the  decimal  system 
after  once  adopting  it. 

Decimal  Point. — On  architectural  and  engineering  drawings  it  is 
now  usual  to  write  all  dimensions  under  one  metre  in  millimetres,  a^ 
whole  numbers,  without  any  decimal  point.  They  are  then  added 
together  to  get  the  main  dimensions,  and,  if  the  total  exceeds  one 
metre,  the  metres  and  millimetres  are  separated  by  a  mere  stroke  of 
the  pen.     Compared  with  ieet  and  *mcVv^%,  ?Ltvd  fractions  of  inches,  the 
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operation  is  not  only  more  sirapki  but  there  is  less  risk  of  mistakes   Mr.DowB 
being  made. 

In  makers*  price  lists  of  pipes,  steam  fittings,  etc-,  it  is  usual  to  give 
all  the  dimensions  in  millimetres  only,  without  a  single  decimal  point. 

In  this  country  a  dot  is  generally  nscd  to  denote  the  decimal  point, 
bat  on  the  Continent  a  comma  is  used*  and  I  think  the  latter  is  safer, 
as  it  is  larger  and  more  conspicuous. 

Nomenclaiure. — I  agree  with  Sir  Frederick  Bramwell  that  a  long 
list  of  composite  Greek  and  Latin  names  is  undesirable,  but  tn  actual 
practice  only  a  few  are  used,  even  in  France,  where  the  system 
originated.  We  may  take  Germany  as  representing  practical  up-to* 
date  teaching,  and  in  the  primary  schools  of  that  country  it  is  usual  to 
teach  the  units  and  sub-multiplcs,  and  only  a  few  multiples.  For  all 
practical  purposes  we  need  only  the  metre^  divided  into  centimetres 
and  millimetres  ;  the  litre  divided  into  decihtres  ;  and  the  kilogramme 
divided  into  i^ooo  grammes.  There  is  really  no  need  of  any  tables. 
The  metre  can  be  squared  for  measures  of  surface,  or  cubed  for 
measures  of  bulk  or  volume,  just  as  yards  or  feet  are  squared  or 
cubed. 

If  preferred,  the  word  pound  can  be  used  for  half  a  kilogramme, 
just  as  the  livn  is  used  in  I^^rance,  The  mere  name  is  comparatively 
unimportant  provided  the  value  is  understood  in  grammes.  The  names 
centimetre  and  millimetre  are  no  more  difficult  to  understand  or 
remember  than  such  words  as  subtraction,  multiplication,  telegram, 

■  [Cmnmunkakd  after  the  meeting : — Relations  of  Units. — Sir  F,  Brani* 
\eell  said  httle  about  these,  but  they  are  important  features  of  the  metric 
system,  and  are  of  great  value*  We  know,  for  instance,  that  one  cubic 
centimetre  of  water,  at  its  maximum  density,  weighs  one  gramme  ;  that 
i,ooo  cubic  ccjitimetres,  or  one  litre,  of  water  weigh  i,ooo  grammes,  or 
one  kilogramme.  Hence  one  cubic  metre  of  water  contains  i^ooo  litres, 
and  weighs  1,000  kilogramniesi  or  one  (metric)  ton. 

As  the  density  or  specific  gravity  of  a  substance  is  its  weight  in 
relation  to  that  of  water^  and  as  the  weight  of  water  contained  in  any 
metric  measure  of  volume  is  known,  it  follows  that  the  weight  of  any 
substance  can  easily  be  found  wlien  its  bulk  in  terms  of  the  metre  is 
known.  We  have  only  to  multiply  the  volume  or  bulk  of  the  substance 
in  question  into  its  specific  gravity,  and  we  shall  know  its  weight. 
Or,  conversely,  if  wc  know^  the  weight  of  any  substance,  we  can  easily 
find  its  volume  by  dividing  the  weight  by  the  specific  gravity. 

It  is  certainly  a  gain  to  have  a  uniform  volitme-unil  of  water,  as  in 
the  metric  system  ;  for  all  calculations  of  volume  and  weight  of  other 
substances  are  then  simple  and  rationaL  In  our  present  system  the 
volume-unit  is  sometimes  a  gallon,  sometimes  a  cubic  foot,  and  some- 
times a  cubic  inch,  and  there  is  no  uniform  basis  to  assist  the  mind  in 
comparing  various  substances. 

Mental  Arithmetic. — Sir  F.  Bramw^ell  has  very  properly  urged  the 
desirability  of  practising  mental  arithmetic,  but  thinks  that  with  the 
metric  system  this  cannot  be  done,  I  venture  to  say  that  if  he  %vill  be 
good  enough  to  look  over  some  oi  the  French  and  G^^tuTam.  \^ooVs  ^\ 
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r.Dowson.  arithmetic  of  to-day,  and  will  ascertain  what  is  actually  done  in  the 
primary  schools  of  those  countries,  he  will  find  that  attention  is  given 
to  this,  and   that   mental  gymnastics  not  only  arc  possible,  but  are ' 
practised,  with  the  metric  system. 

Short  Ctifs. — I  can  readily  understand  that  after  his  long  and  varied 
experience,  Sir  F.  Bramwell  is  loth  to  give  up  the  short  cuts  and  aides 
manoire,  which  he  has  found  it  necessary  or  useful  to  adopt  in 
connection  with  our  present  weights  and  measures.  With  the  metric 
system  short  cuts  are  seldom,  if  ever,  needed,  and  as  Sir  Henry  Roscoe 
once  remarked  on  this  subject,  "  We  do  not  want  a  short  cut  if  the  road 
is  straight." '] 

There  is  much  more  I  could  say  on  this  interesting  subject  of 
weights  and  measures,  but  time  forbids.  In  conclusion  I  would 
remind  you  that  the  conditions  of  life  in  all  civilised  countries  have 
altered  greatly  during  the  last  quarter  of  a  century.  Each  country  has 
developed  its  resources  and  manufacturing  powers  enormously  ;  steam 
and  electricity  have  done  wonders  ;  there  are  much  greater  facilities 
for  travelling  ;  and  there  is  much  greater  intercourse  between  nations. 
This  will  not  diminish,  it  will  increase  ;  and  to  save  our  time,  and  to 
help  us  in  our  dealings  with  foreigners,  surely  it  is  worth  while  to 
put  up  with  some  temporary  trouble  and  inconvenience,  to  rid  our- 
selves of  our  present  complicated  weights  and  measures,  and  to  adopt 
those  which  have  been  adopted  irrevocably  in  nearly  all  civilised 
countries. 

Let  us  remember  also  that  we  have  to  think  of  our  Colonies  and 
Dependencies.  As  a  matter  of  fact  most  of  them  are  really  anxious  to 
adopt  the  metric  system,  and  are  now  looking  to  the  Mother  Country 
to  take  the  lead.  This  is  no  mere  opinion  on  my  part.  The  subject 
was  discussed  by  the  Colonial  Premiers  at  their  Conference  in  London 
last  year,  and  they  passed  the  following  Resolution  : — 

"  That  it  is  advisable  to  adopt  the  metric  system  of  weights  and 
measures  for  use  within  the  Empire,  and  the  Prime  Ministers 
urge  the  Governments  represented  at  this  Conference  to  give 
consideration  to  the  question  of  its  early  adoption." 

Actually  we  are  within  measurable  distance  of  getting  an  interna- 
tional system  for  all  purposes  if  we  will  but  have  it.      Men  of  science 
have  adopted  it  already,  and  I  ask  you,  Why  should  not  engineers  and 
manufacturers  do  the  same  ? 
[r.  Parker.  ^j^.    ^j^    Parkkk  :    Most  of  what  we  hear  is  usually  aimed  at  the 

metric  system ;  we  do  not  find  criticism  of  the  system.  When  we 
look  at  the  metric  system  as  a  whole  we  think  of  two  quantities.  The 
metric  system  of  weights  and  measures  consists,  shortly,  of  a  volume 
measure  based  upon  the  measurement  of  length,  and  of  a  weight 
unit  which  is  the  weight  of  that  volume  of  water,  the  unit  of  specific 
gravity  and  the  thermal  unit  being  based  on  certain  properties  of 
water.  We  thus  have  a  connection  between  the  mechanical,  electrical, 
and  physical  units,  and  so  science  has  in  this  system  a  sort  of  hand- 
maiden without  which  it  is  impossible  to  proceed.    We  cannot  remain 

'  The  Communicated  porUon  ol  Mr.l)o\\^ovv'itQ,\\\^.\:^^s»^^\d'^Vvere. — Ed. 
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Mr.  Parker. 


Metre  Unit. 


Decimetre  =]^ 
Centimetre  =  ^ 
Millimetre  =— ^ 


Cubic  Metre. 


Litre  =  ^^^ 

Millilitre  or  i 

Cubic  Centimetre      1,000,000 


Cubic  Millimetre  = : 


Metre  Ton. 


Kilogram  =j;^ 
Gram  •=-— 
Milligram : 


1,000.000,000 


Note. — J  Millimetre  =  nearly  -^q  inch  ;  J  Millimetre  =  nearly  ^  inch  ; 
pj  Millimetre  =  nearly  yj^  inch. 


TABLE  II. 
Inch  Units. 


Inch  Unit. 

Cubic  Inch. 

Cubic  Inch  of  Water 
Weight. 

Mill.  =  Tib 
1,000 

Mill.  Volume            i 
=  J  Minim       i.ooo 

Mill.  Weighty    I 
=  J  Grain       1,000 

NOTE. 


960,000  Mill. 

=  80  feet  =  960  inches 

3*6  Mill,  volume 

=  I  mmim. 

I  Mill,  weight 

=   252  grain. 

62,000  Weight  units 

=  I  ton. 

25 

=  -9  lb. 

25  Cubic  inches 

=  '09  gallon 

10,000      „ 

=  .36      „ 

73,000  Inches 

=  1  sea  mile. 

61  Mill,  volumes 

=  I  cubic  centimetre. 

61  Cubic  inches 

=  I  litre. 

61  Mill,  weights 

=  I  gram. 

61  Inch  weights 

=  I  kilogram. 

62,000  Inch  weights 

=  I  ton. 

GOVERNMENT  SURVEY— 

25  inches  =  1  mile. 

I  square  inch         =  i  acre. 

The  ratio  of  inch  units  to  metre  units  of  weight,  or  volume,  is  5  (inch) 
mits  are  equal  to  82  grammes  or  cubic  centimetres  correct  to  ^  . 

5o3  =  2*0125  tons. 

^5^  =    -2514  tons  (J  ton  +  ^^V 
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.  Parker,    where  we  arc.    Now,  if  we  go  on  we  must,  according  to  the  present 
verdict,  accept  the  metric  system  in  its  entirety. 

After  using  the  metric  system  for  thirty  years,  and  after  having 
devoted  some  four  years  of  critical  study  to  it,  I  say  that  the  units 
of  that  system  are  entirely  unsatisfactory,  and  imperfect.  I  have 
carefully  read  the  whole  of  the  information  given  before  the  American 
Commission ;  I  have  heard  what  Sir  Frederick  Bramwell  has  said,  and  I 
have  read  the  Commission's  reports  in  this  country,  and  all  else  I  could 
find  that  has  been  written  upon  the  subject.  I  have  discovered  no  objec- 
tion made  to  the  metric  system  of  weights  and  measures,  but  I  have  found 
the  objections  to  apply  wholly  to  the  dimensions  and  ratios  of  the  units 
used  with  the  metric  system.  As  Sir  Frederick  Bramwell  very  wisely 
pointed  out,  wc  are  bound  to  decimals  by  the  units  of  the  metric  system. 
The  form  in  which  the  question  presented  itself  to  my  mind  is  set  out 
in  Table  I.  (p.  301).  Those  dimensions  of  the  units  of  the  metric  system 
mean  the  entire  destruction  of  the  whole  of  the  measuring  systems  of  the 
world,  excepting  that  of  those  who  introduced  it,  and  they  had  to  intro- 
duce it  to  the  destruction  of  their  own.  What  do  we  find  in  looking  over 
the  evidence  of  America  ?  We  find  men  coming  forward,  representing 
large  manufacturers  in  the  country,  saying  that  they  do  not  want  it ;  we 
find  such  men  as  the  Chief  Constructor  of  the  Navy  of  America  saying, 
"  We  do  not  want  it."  But  they  did  not  go  into  the  matter  and  see  if  it 
could  be  improved.  The  only  way  in  which  you  can  improve  the  units 
of  the  metric  system  is  by  altering  the  length  of  the  metre,  and  they  did 
not  do  that  for  Whitworth,  nor  will  they  do  so  for  us  to-day.  But 
you  cannot  alter  the  units  so  as  to  retain  the  metre  ;  they  are  fixed  by 
the  length  of  the  metre  ;  you  have  to  put  up  with  them  in  their  pre- 
sent form.  They  arc  a  cumbersome  lot;  they  begin  by  initiating 
fractions,  fractions  of  fractions,  cubes  of  fractions,  ^  and  J  ;  and  even 
then  you  do  not  get  what  we  have  in  our  ordinary  inch  and  i, 000th.  I 
was  led  to  make  a  number  of  exploiting  figures  and  experiments,  to  try 
to  find  out  where  we  could  amend  the  metric  unit,  and  came  to  the 
conclusion,  that  if  wc  are  to  have  a  perfect  set  of  units  with  the  metric 
system  there  is  only  one  length  that  can  give  it,  and  that  is  the  inch 
length,  and  there  is  no  improvement  possible  upon  that.  I  have  set  that 
out  on  Table  No.  II.,  and  you  can  compare  it  with  Table  I.  You  will  sec 
that  we  want  but  one  set  of  units.  I  have  put  below  the  inch  units, 
the  fraction  of  a  1,000 — namely,  the  mill.,  the  mill,  weight,  and  mill, 
volume.  You  will  sec  that  those  units  are  perfectly  equal  whether 
you  multiply  them  or  divide  them  to  any  extent :  they  always  remain 
in  ratio,  and  they  do  not  confine  you  in  any  way  to  decimal  arith- 
metic. You  can  employ  all  the  arithmetic  you  are  now  using,  and  you 
may  pass  to  the  metric  system  if  you  permit  the  inch  to  be  used  as 
a  unit  to-morrow,  and  you  will  tlien  have  all  the  advantages  of 
that  system.  You  can  improve  the  metric  system,  and  you  can 
improve  the  new  metre  units  off  the  face  of  the  earth,  by  simply 
sanctioning  the  use  of  the  inch  as  a  unit  of  length,  and  legalising  the 
weight  of  a  cubic  inch  of  water  as  a  unit  of  weight,  and  meet  no 
objection.  Four  or  five  years  ago  I  should  have  been  as  willing 
as  anybody  to   crush  the  measures  oi  YiTv^-aLivd  ior  the  supposed 
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pcnefit  of  the  metric  systeoi ;  but  to-day  I  say  that  if  you  do  so 
you  will  dis^^ce  yourselves  for  all  time,  You  are  all  asked  now 
lo  adopt  the  metric  system  in  yo«r  country^  and  you  are  going  to  do  it 
at  the  expense  of  a  social  revolution,  and  after  an  expenditure  of 
millions  q(  money*  and  in  the  end  you  will  only  get  an  imperfect  thing 
wliilst  you  could  have  had  a  perfect  thing.  Here  it  is  already  estab- 
lished ;  simply  legalise  the  weight  of  an  inch  of  water,  permit  the  use 
o(  the  inch  as  a  primary  unit  of  the  metric  system,  and  you  have  all 
that  you  can  get  by  the  metre  and  a  great  deal  more.  You  simplify  the 
units,  and  make  them  perfect^  and  you  disturb  notliing.  I  do  not 
ivoeale  suppressing  the  metre :  but  from  what  we  hear  of  our 
lericaQ  friends^I  hope  there  are  some  of  tbeui  here — tbey  always 
scrap  anything  when  they  find  something  better,  and  I  shall  expect 
ibt  tbey  will  at  once  scrap  the  metre  and  all  that  belongs  to  it,  and 
"luiopt  the  inch. 

I  do  not  want  to  trouble  you  with  history — ^we  have  had  enough 

already — nor  with  cross-calculations,  because  we  know  all  aboxit  them. 

I  mil  try  to  inform  those  gentlemen  in  the  House  of  Commons  who 

Will  be  called  upon  to  decide  for  this  country  what  they  will  do  in  the 

flatter  of  weights  and  measures,  as  to  the  virtues  of  the  inch,  and  then 

J  shall  be  conscience- clear.  They  are  men  who  will^  I  trusty  look  after  the 

economic  policy  of  the  question,  and  wc  shall  be  permitted  to  use  our 

^'^enerable  old  inch  in  its  proper  place  and  characterj  and  get  a  simple 

^Jid   perfect  set  of  units  for  the  metric  system.     It  is  impossible  to 

Enforce  the  metre.     It  would  be  a  calamity  to  do  so. 

Sir  Ax  DREW  Noble,    F.R.S.  :    1   find    myself   placed   in    rather  a 
Peculiar  position,  for  I  find  myself  opposed  to  a  man  for  whom  I  have 
tFae  greatest  reverence — 1   mean  my  friend  Sir  Frederick   Bramwell. 
feut  we  agree  upon  so  very  many  points  that  I  think  we  may  agree  to 
differ  upon  this  one  point,  or  rather  I  should  say  two,  for  the  metric 
^^retem  is  raLxed  up  w^ith  the  decimal  system  :  both  are  involved^  and  I 
t:liink  the  decimal  system  is  even  more  attacked  than  the  metric.    As 
t^egards  the  decimal  system,  I  must   say  I  think  it  a  scandal  to  this 
'iiountry  that  we  have  never  had  our  pound  sterling  {£)  decimalised.     At 
present  every  silver  coin  %ve  have  is  an  exact  decimal  of  a  pound  :  the 
Only  thing  we  want  is  the  alteration  of  making  a  shilling  fifty  farthings 
instead  of  forty-eight.     In  that  case  every  subdivision  of  a  pound  would 
be  represented  by  three  decimals,   whereas   at  present,   if    you  get 
19s*  iifd.,  you  have  six  figures.   The  difference  in  rapidity  of  calculation 
is  enormons,  to  say  nothing  of  the  power  of  using  very  simple  calcula- 
ting machines,     I  mention  this  as  a  point  was  mad^  '^^  ^f  ?^;trd  to 
reducing  the  number  of  figures,  _ 

I  must  say,  having  had  a  great  deal  to  do  wUh  f/w  *r  .  J 

find  a  very  great  inconvenience  in  our  English  svst<  1 

measures   of    all    sorts.      Some   of    our   measiii 
thermometer,  are  founded  upon  errors,  and  oui    s 
haphazard.     Taking  our  weights,  the  only  cod 
of  is  the  grain.     Our  ounces  are  different,  , 
I  daresay  all  of  you  have  heard  the  qu» 
pound  of  gold  or  a  pound  of  feat  In 


Mr.  P*rM 
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rAndrew  wholc  of  the  possible  answers  given  to  the  question.  The  difficulties 
that  are  placed  in  the  way  of  any  one,  who,  like  myself,  has  to  compare 
large  numbers  of  foreign  weights  and  measures  are  almost  insuperable. 
I  recollect  the  late  Professor  Hoffman  sa3ring  to  me  once  when 
pointing  out  the  inconvenience  of  our  measures,  that  if  you  wanted  to 
make  any  considerable  induction,  the  observations  of  philosophers  or 
men  of  science  in  one  country  were  a  sealed  book  to  those  in  another 
country.  Since  he  said  that,  there  has  been  a  great  advance  in  the  use 
of  the  metric  system,  and  I  need  not  say  that  almost  every  scientific 
society,  with  which  I  am  acquainted,  refuses  to  receive  papers  that  do 
not  use  the  metric  system. 

The  metric  system  is,  in  my  opinion,  a  most  carefully  thought  out 
and  perfect  one.  It  is  based  upon  one  single  element — that  of  length. 
The  metre  is  taken,  I  think,  at  the  io,ooo,oooth  part  of  the  quadrant  of 
the  great  circle  of  Longitude  passing  through  Paris.  It  is  prolonged  by 
decimal  multiplication,  lo,  loo,  i,ooo,  etc.,  and  for  these  are  used  the 
Greek  prefix.  For  subdivision  they  use  the  Latin.  If  you  take  the 
smallest  weight,  the  gramme,  that  is  the  weight  of  water  in  a  centimetre 
cube  ;  the  kilogramme  is  a  decimetre  cube,  and  the  ton  is  the  metre 
cube.  Observe  that  it  has  these  great  advantages.  You  know  the 
weight  of  a  ton  is  a  metre  cube  of  water.  If  you  know  the  specific 
gravity  of  any  metal  or  other  material  you  are  able  at  once  to  give  the 
weights  in  tons  and  decimal  parts.  Then  the  metre  and  its  sub- 
divisions satisfy  the  superficial  measurement,  and  the  one  great 
advantage  the  metric  system  has,  is  that  if  we  adopt  it  we  have  with  that  a 
uniformity  of  measures  for  all  countries.  I  need  not  say  it  is  hopeless 
to  get  other  nations  to  adopt  our  system,  and  nobody  can  dispute  the 
advantage  it  would  be  to  us  if  there  was  but  one  system  of  weights  and 
measures  throughout  the  world.  I  will  not  recall  to  your  minds  the 
number  of  nations  that  have  adopted  the  metric  system,  but  I  will  say 
that  in  my  opinion  the  metric  system  ought  to  be  made  compulsory 
within  a  certain  number  of  years.  The  question  is  how  to  do  that  with 
the  least  inconvenience. 

A  most  admirable  proposition  was  made  by  my  friend  Professor 
Johnstone  Stoney,  whereby  we  might  alter  our  weights  and  measures 
almost  infinitesimally,  and,  at  the  same  time,  keep  for  those  who  prefer 
it  the  same  nomenclature.  Professor  Johnstone  Stoney  in  his  paper 
proposed  that  the  new  yard  should  be  exactly  9  decimetres.  Most  of 
us  I  daresay  when,  for  rough  calculations,  we  consider  the  centimetre, 
call  it  0*4  in.,  and  the  inch  2*5  cm.  The  alteration  is  very  slight  in 
making  the  inch  exactly  2*5  cm.,  and  in  that  case  the  yard  would  be 
exactly  '9  of  a  metre  and  would  only  be  altered  by  an  exceedingly  small 
fraction,  about  i  per  cent,  of  its  length  :  the  same  would  apply  to  the 
foot  and  the  inch.  You  might  keep  for  a  certain  number  of  years,  or 
altogether  if  you  like,  the  old  nomenclature.  The  inch,  as  you  know, 
would  then  be  25  millimetres ;  all  of  you  have  seen  an  inch  divided  into 
100  ;  it  would  only  mean  that  the  inch  would  be  altered  by  looth  of  its 
length,  and  there  could  be  no  great  inconvenience  in  that.  Then  I  think 
Professor  Johnstone  Stoney  proposed  that  the  mile  should  be  1,600 
metres.      That  means  that  our  m\\e  >no\3\0i  ^\^^x  Vc^m  q\\i:  present 
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asure  by  only  about  the  breadth  of  a  narrow  lane,  and  no  iacon* 

venience  would  result.     Id  regard  to   weigh tSj  the  new  pound  (lb.) 

^routd   be  4^  bektogrammes   exactly^   which   would   differ   from  our 

present  pound  by  under  i  per  cent     If  these  systems  were  adopted ^ 

Biey  might  prevent  the  inconvenience  to  which  some  of  the  speaker:^ 

Hive  alluded j  that  is  to  say.  there  would  be  no  rough  break  in  our  ideas, 

and  I  do  not  think  the  public  would  suffer  much.    Anyhow,  I  desire, 

JB  conclusion,  to  express  my  opinion  that  sooner  or  later  the  metric 

must  be  adopted,  and  I  would  add  that  I  think  it  ou^ht  to  be  as 

;  possible,  and  that  ibe  chan^je  should  be  effected  with  as  little 

inconvenience  to  the  public  as  possibkv 

Mr.  Leslie  S.  Robertson 


Sir  An 


^' 


did  not  intend  to  speak  to-night  for  *'*"' 
re  reasons  than  one,  but  as  you  have  called  upon  me  I  will  add  a 


Word  or  two  on  the  practical  side  of  the  question.     It  has  been  my 
privilege  to  superinlend  work  in  couotries  where  the  metric  system  is 

tuse,  and  also  in  this  conn  try  >  I  had,  after  following  very  carefully 
e  construction  of  torpedo  boats  in  this  country  in  a  torpedo-boat 
works  not  very  far  from  London,  to  go  over  to  France  'and  build 
similar  boats  and  boilers  for  the  French  Government  in  one  of  the 
leading  works  in  France,     One  of  the  difhculties  we  had  to  encounter 

fLS  this.    An  English  pislon-rod  would  be  to  some  even  dimension,  say 
inches,  but  when  we  got  abroad  nobody  would  think  of  making  the 
pjston-rod  50-8  mm.    Therefore  the  whole  of  the  drawings  had  to  be 
redraw^n,  and  what  was  our  a -in,  rod  here  was  not  our  2 -in,  rod  there, 
Tlien  we  had  another  very  serious  inconvenience,  namely,  in  connection 
with  the  screw  threads.  Our  British  threads  are  stronger  and  deeper  than 
Be  metric  threads ;  and  w4ien  certain   classes  of  work  are  arranged 
Kr  British  threads  they  do  not  come  in  comfortably,  to  say  the  least  of 
K  on  the  metric  system.     It  is  felt  in  France  and  elsewherCi  I  think, 
Ho»  that  the  metric  threads  are  not  altogether  satisfactory,     This  was 
Bnphasised  by  another  practical  experience.     When  I  was  abroad  last 
^ear  with  one  of  the  Government  Commissions  studying  the  question 
of  locomotives^  I  made  careful  inquiries  and  found  that,  in  the  most 
up-to-date  German  works,  in  fact,  practicaOy  in  every  works  that  we 
visited,  they  were   using  our  Whitworth  thread  and  not  the  metric 
Bread, 

■  I  do  not  know  if  there  is  any  definite  proposition  before  the 
meeting.  We  all  admit  the  advantages  of  the  metric  system,  and 
they  are  many,  but  it  is  no  good  merely  discussing  the  question  from 
a  general  point  of  view.  The  metric  system  is  permissible  in  this 
country ;  anybody  can  use  it  who  wants  to.  The  question  is  whether 
this  meeting  thinks  it  justifiable  to  urge  upon  the  Government^  which 
i"?  the  only  body  that  can  take  any  action  in  the  matter,  that  they 
should  make  the  metric  system  compulsory.  That  is  a  very  drastic 
step  to  take.  Perhaps  there  will  be  some  detinite  resolution  before  the 
meeting  prior  to  its  close,  but  I  venture  to  think  that  the  meeting 
will  have  to  consider  very  carefully  before  they  come  to  a  vote  on  the 
question  as  to  whetlier  they  are  in  favour  of  making  the  metric 
system  compulsory  in  this  country.  It  is  now  legal,  as  I  savd  be-imt^ 
and  anybody  can  use  it  who  wishes  to  do  so,  b^t  il  \%  z.  n^v^  Q^vi. 
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Mr.  question  whether  public  opinion  is  sufficiently  ripe  for  the  metric 

Robertson,     j^ys^eni  to  be  compulsorily  forced  on  the  country  by  the  Government 
Dr.stoncy.  D^  joHXSTONK  Stoxey,  F.R.S.  :    Sir  Andrew   Noble  has  already 

spoken  of  the  system  I  have  proposed,  and  I  do  not  think  it  necessary 
for  mc  to  enter  on  any  of  the  points  that  he  has  referred  to.  I  think 
myself  justified  in  claiming  that  Sir  Andrew  Noble's  opinion  ought  to 
carry  special  weight,  both  with  the  people  of  England  and  in  Parlia- 
ment, on  account  of  his  unexcelled  experience  and  acquaintance  with 
every  aspect  of  the  question  in  debate,  and  because  the  opinion  he  has 
expressed  here  to-night  is  an  opinion  formed  with  great  deliberation. 
He  has  here  reiterated,  after  two  and  a  half  years' further  consideration, 
the  same  judgment  as  he  expressed  in  1900,  when  my  proposal  was 
first  put  forward.  Our  present  position  in  reference  to  weights  and 
measures  is  simply  this,  that  by  recent  legislation  we  have  been 
relieved  from  being  publicly  punished,  if  we  buy  or  sell  by  metric 
weights.  There  have  been  three  Metric  Acts,  one  the  Act  of  1864, 
which  was  intended  to  render  the  system  permissible,  but  which  failed 
in  that  object  in  consequence  of  the  legal  difficulties  that  were  raised. 
So  matters  remained  for  a  number  of  years,  till  1878,  when  for  the 
second  time  an  Act  was  passed  dealing  with  the  use  of  metric  weights 
in  this  country.  It  suppUed  the  omissions  in  the  Act  of  1864,  ^^^  ^^^ 
permitting  the  use  of  metric  measures  for  other  purposes,  it  forbade 
their  use  in  buying  and  selling.  The  result  of  that  state  of  things  was, 
that  metric  weights  came  into  use  for  all  scientific  purposes  in  this 
country,  but  they  could  not  be  used  by  any  chemist  who  kept  a  shop, 
and  the  Act  compelled  chemists  and  druggists  to  continue  the  use  of  the 
bad  system  known  as  Apothecaries  weights  and  measures.  In  1896  the 
Government  introduced  a  Bill  to  get  rid  of  the  restriction  introduced 
into  the  Act  of  1878,  and  they  appended  to  the  Bill  they  introduced  in 
that  year  a  body  of  equivalents  similar  to,  and  equally  cumbersome 
with,  those  under  the  Acts  of  1864  and  1878.  The  Bill  was  withdrawn 
in  that  session,  but  in  the  next  session  it  was  passed  without  the  objec- 
tionable tables,  and  improved  tables  were,  in  1898,  issued  by  an  Order 
in  Council.  These  are  now  the  tables  of  equivalents  that  have  legal 
force  in  this  country. 

Since  then  deputations  have  waited  upon  the  Government ;  and  both 
Mr.  Balfour  and  Mr.  Ritchie  in  answer  to  these  deputations  said  that 
the  next  step  to  be  taken  was  by  the  people,  and  not  by  Parliament 
They  were  under  the  impression,  as  the  last  speaker  was,  that  the  late 
Bill  did  ail  that  was  necessary  to  render  it  permissible  to  use  metric 
weights  and  measures.  All  that  the  Bill  docs  is  that  it  prevents  a 
person  who  uses  them  from  being  publicly  punished.  That  is  not 
sufficient.  It  is  necessary  to  make  it  possible  for  them  to  use  them 
without  incurring  large  trade  losses.  The  deputation  recommended 
that  the  metric  system  should  be  introduced  compulsorily  within  two 
years.  My  own  impression  is  that  the  duty  of  our  governors  is  rather 
to  lead  the  people  than  to  drive  them,  and  I  submitted  the  proposal 
referred  to  by  Sir  Andrew  Noble,  suggesting  that  the  best  legislatioo 
to  introduce  would  be  to  alter  omt  sV3Livd?Lid^  of  length  and  weight 
without  altering  the  relations  in  vjb.\c\v  ^Vi^  ^\%^t^YA.^\5^-^\N\^\^'tt^^thfl 
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Imperial  sj^stem  stand  to  one  another — ^altering  them  by  excessively  i^r.st* 

small  quantities,  which  will  suflice  to  bring  them  into  simple  relation 
with  Ihc  metric  system.  If  this  proposal  were  carried  out  it  w^ould  he 
possible  lor  work  to  be  begun  in  one  shop  where  Imperial  measures 
are  used,  and  continued  in  another  shop  where  metrical  measures 
are  used,  and  nearly  all  the  other  practical  difliculties  which  prevent 
business  men  from  adopting  metric  measures  would  be  got  over*  I 
am  myself  persuaded  that  we  may  wait  for  fifty  years  if  the  only  policy 
suggei^ted  to  Parliament  is  to  pass  a  Bill  making  the  use  of  Imperial 
measures  illegal  I  would  claim  that  persons  occupying  the  attitude  of 
Sir  Frederick  Bramwell  should  accept  with  readiness  my  proposaL 
He  has  expressed  his  desire  that  the  two  systems  should  be  tried, 
leaving  whichever  is  the  better  to  win  the  day ;  and  the  way  to  do  that 
is  to  bring  them  into  such  relation  as  to  make  the  use  of  either  system 
possible-  All  the  advantages  which  he  supposes  attach  to  the  ejtisting 
s^^stem  would  be  preserved  if  this  proposal  were  carried  out ;  and  we 
njight  all  look  to  the  future  with  confidence,  including  those  of  ns  w*ho 
hold,  as  I  do  and  as  Sir  John  Herschel  did,  that  the  people  of  England, 
if  enabled  practically  to  try^  both  systems,  will  prefer  that  one  of  which 
the  divisions  are  brought  into  the  most  natural  relation  to  our  system  of 
numeration  J  and  of  which  the  weights  and  measures  of  capacity  are 
connected  in  a  rational  way  with  the  measures  of  length. 

The  PREsmE.VT  :  I  will  now  read  a  letter  that  I  have  received  from  Prtttdeat 
Lord  Kelvin  :■ —  .     ,  Keiri^ 

Lord  Kblvik  {comtnufjicalifil) :  Will  you  tell  the  meeting  to-morrow 
that  I  am  very  sorry  I  cannot  be  present  to  hear  Sir  Frederick  Bramwell, 
and  to  endeavour  to  convince  bim  that  the  universal  adoption  of  the 
French  metrical  system  by  electrical  engineers  and  engineers  of  all 
classes,  and  common-sense  people  tliroughout  the  country^,  and  in  all 
saleshops  and  workshops  and  factories,  will  be  a  great  blessing  to  every 
individual  person  concerned,  including  home  and  colonial  British 
subjects  and  the  whole  rest  of  the  world. 

Sir  William  Preece,  F.RS.  :  On  this  particular  subject  the  line  that   pJ^J^^^^'^"^ 

I  take  up  is  this.     It  is  no  new  fad  of  minCj  for  I  find  that  in  March, 

1853,  exactly  fifty  years  ago,  I  wrote  a  paper  on  the  advantages  of  the 

decimal  and  the  metrical  system,  and  my  fifty  years'  experience  has 

been  an  addition  to  the  strength  of  the  feeUng  I  had  then  and  have 

now,  that  there  ts  a  great  deal  in  the  metrical  system,  but  a  great  deal 

more  in  the  decimal  system.    The  two  are  totally  different :  you  must 

deal  with  each  on  its  own  merits.     First  of  all,  I  say  that  if  the  metric 

system  or  the  decimal  system  is  to  be  introduced^  it  must  be  because 

there  is  a  necessity  for  it.     Either  there  is  a  necessity  for  it  or  there  is 

not.     If  there  is  not,  no  compulsory  Act  of  Parliament,  no  resolution  of 

this  institution  will  force  on  this  country  a  thing  that  is  not  wanted. 

If  it  is  wanted  it  does  not  require  an  Act  of  Parliament  to  enforce  it» 

Neccssit}',  commerce,  the  demands  of  trade,  the  business  of  this  country, 

Will   introduce  a  system,   decimal  or  metrical,  into  the  habits  and 

customs  of  our  workshops. 

Our  system  of  weights  and  measures  is,  in  spite  ol  Svr  "^t^imds. 
:Br3imweiJ,  i^xccrabJe,     Wij,  gentlemen,  there  are  i^\  d\^'L\'aclwi\.'io"'L 


i 
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rWiiHam  length  to  be  found  in  different  parts  of  this  country.  I  would  like  to 
read  the  list  through,  if  I  had  it :  it  is  in  an  appendix  to  a  paper  published 
by  the  Society  of  Arts.  But  think  of  154  units  of  length  :  there  are 
the  hand,  the  span,  the  cubit,  the  foot,  the  yard,  the  ell — I  could  go  on 
for  ten  minutes  if  you  would  allow  me — but  I  will  stop  !  We  only 
want  one  real,  good  unit  of  length  ;  in  the  same  way  we  only  want  one 
good  unit  of  mass  or  weight,  and  of  volume,  and  everything  that  is 
required.  Mr.  Parker  has  started  a  new  hare.  He  has  based  a  system 
on  the  inch,  and  he  s;iys  the  inch  cannot  be  improved.  To  a  certain 
extent  I  agree  with  him,  but  I  go  further,  and  I  say,  "  Cannot  be  made 
worse."  I  asked  him  just  now,  What  is  an  inch  ?  He  said  he  had 
gone  back  to  the  period  of  the  Saxon  kings,  and  he  found  that  Edgar 
liad  introduced  the  inch.  [Mr.  Parker  :  Yes,  he  kept  it  at  Winchester.] 
Let  him  go  a  little  further,  and  what  will  he  find  ?  He  will  find  that 
the  inch  is  three  barley-corns  in  a  row,  picked  from  the  centre  of  the 
car  of  corn — and  that  is  our  British  inch  !  Now  if  that  inch  were  a 
scientific  inch,  it  would  not  be  a  bad  system  of  units.  Take  Professor 
Johnstone  Stoncy's  inch  :  it  is  much  better  than  three  barley-corns. 

I  want  to  urge  that,  in  the  first  instance,  there  is  no  use  attempting 
to  change  our  units  unless  there  is  a  necessity  for  it.  In  the  second 
place,  if  there  is  a  necessity  for  it,  and  I  believe  there  is,  the  whole 
trade  of  the  world  involves  the  use  of  a  uniform  system  of  units,  and 
that  system  must  be,  with  our  present  knowledge,  based  on  the 
metric  system.  Now  with  regard  to  the  use  of  the  metrical  system. 
We  hear  from  Sir  Andrew  Noble  that  it  is  introduced  in  the 
Elswick  Works.  I  know  from  personal  experience  that  it  has  been 
used  at  Willans  &  Robinson  at  Rugby,  it  is  used  by  Siemens,  it  is 
used  by  Greenwood  &  Batley  at  Leeds,  it  is  used  by  the  Shropshire  Iron 
Company  at  Wellington,  and  indeed  I  do  not  know  by  how  many  other 
places.  Is  there  any  single  electrical  engineer  in  this  room  who  does 
not  use  the  metrical  system  ?  I  have  been  a  member  of  the  Committee 
of  Standards  of  the  British  Association  for  over  a  quarter  of  a  century, 
and  we  have  introduced  the  c.g.s.  system  of  units,  which  is  purely 
metrical.  Is  there  a  man  in  this  room  who  has  found  any  difficulty  in 
applying  it  ?  We  have  had  twice  to  change  the  value  of  the  ohm  :  has 
it  caused  any  difliculty  or  trouble  ?  On  the  contrary,  throughout  the 
whole  world,  in  every  country  without  exception,  the  metrical  system 
has  been  universally  employed.  I  am  glad  to  see  that  even  my  friend 
Mr.  Parker,  with  his  three  barley-corns,  has  gone  so  far  as  to  meet  the 
metrical  system  half-way  by  introducing  what,  after  all,  is  the  half-mile 
post  to  the  ultimate  goal,  the  decimal  system.  I  say  if  we  make  any 
change  at  all,  it  must  be  the  whole  metrical  system.  I  do  not  say 
there  is  a  necessity  for  it,  but  I  believe  there  is  ;  and  I  do  say  that  the 
time  is  not  very  far  distant  when  we  shall  be  forced  by  our  trade  and 
by  our  commerce  to  adopt  cither  the  metrical  system,  in  its  entirety,  or 
a  very  close  approach  to  it. 

Mr.  Bexxett  H.  Brough  :  I  doubt  whether  Mr.  Siemens  was  right  in 

ascribing  to  James  Watt  the  fundamental  idea  on  which  the  metric 

system  is  based.    Watt's  ingenious  idea  of  dividing  the  pound  decimally 

was  anticipated  in  1620,  by  Edmund G\m\.^T,'«\vo  ^xo^ofsada  decimal 


easure  for  land,  the  unit  being  the  chain  of  loo  links.    This  convenient  Mr. 
jeasure  by  which  lo  square  chains  were  made  equal  to  an  acre,  is 
Ql  in  general  use*  and  the  conditions  of  land  tenure  are  such  as  to 
;nder  its  displacement  unlikely.    The  engineer  for  levelling  uses  the 

t  decimally  divided.  It  is  evident,  therefore,  that  he  is  not  averse, 
hen  necessary,  to  using  decimal  measures.  The  matter  is  entirely 
lEerent  if  he  is  to  be  pubHcaily  punished  by  fine  or  imprisonment  if 

uses  any  thing  else.  The  whole  question  is  one  of  commercial 
pediency*  It  is  quite  possible  that  to  the  electrical  engineer  the 
Mnpulsory  change,  which  would  undoubtedly  be  of  inestimable  advan- 
ge  to  Germany,  would  not  be  so  disastrous  as  to  the  mechanical 
Igineer,  for  the  electrical  engineer  derives  great  benefit  from  German 
ill.  Customs  returns  show  that  of  electrical  machinery  the  British 
iports  from  Germany  are  twenty  times  as  great  as  the  British  exports 
that  empire*     In  other  branches  of  engineering  the  change  would  be 

to  the  advantage  of  Germany.  The  cost  of  compulsory  change 
ould  be  enormous*     Every  retail  trader  would  require  a  new  set  of 

ights  and  measures  (which  German  makers  would  have  in  stock  to 
||>ply).  Every  gas  pipe  would  have  to  be  torn  out  of  our  houses* 
lie  Whit  worth  thread  would  have  to  go,  all  gauges  and  templates 
^pped,  and  the  working  man  fined  or  imprisoned  if  he  drank  his  beer 
t  of  a  pint  pot.  Even  in  Germany  the  change  had  been  made  with 
ifficulty  ;  and  Rhenish  inches,  Lachter,  Thalers  and  Groschen  are  still 
Hind  in  use* 

In  discussions  of  this  kind,  the  metric  advocates  are  apt  to  be  led 
Itray  by  their  enthusiasm  for  a  fantastic  natural  unit,  which  after  all, 

the  meridian  was  inaccurately  measured^  Is  only  an  arbitrary  one* 
hus  the  author  quoted  by  Sir  W,  Preece,  who  gave  a  long  list  of 
bsolete  measures  with  a  view  to  discrediting  the  Imperial  system, 
pitted  to  mention  that  by  the  Act  of  1878  the  user  of  any  of  these 
icasures  was  liable  to  a  fine  of  ^^"5,  or  of  j£io  for  the  second  offence, 
feachers  of  arithmetic  are  much  to  blame  for  the  existing  confusion, 
id  for  the  retention  of  illegal  measures*  In  the  latest  book  on  arith- 
etic,  just  published  by  the  Cambridge  University  Press,  the  scholar  is 
light  that  in  civilised  countries,  England  being  unf ortunately  an  excep- 

i,  coinage,  weights  und  measures  are  arranged  on  a  decimal  plan, 
le  author  does  not  tell  us  that  Great  Britain,  the  British  Colonies  and 
^pendencies,  the  United  States  and  Russia,! where  the  metric  system  is 
t  used,  represent  40  per  cent  of  the  world's  population.     It  would 

ideal  if  all  nations  spoke  Volapijk  and  used  the  metric  system.  But 
is  doubtful  whether  the  uniformity  would  compensate  for  a  change 

t  would  forbid  the  use  of  division  by  continued  bisection,  destroy  our 
andards^  and  render  our  technical  literature  useless. 

Sir  John  Wolfe  Barky,  F.R.S.  :  In  rising  to  say  a  word  in  Sir- John 
iticism,  both  of  the  metrical  system  and  decimal  system,  1  feel  that  '^^'^^f^B^^ry- 
le  is  somewhat  like  the  man  who  was  accused  of  speaking  disrespect- 
lily  of  the  equator,  because  really  one  has  heard  so  much  said,  and  so 
eightily  said,  in  favour  of  the  metrical  and  the  decimal  system,  that  it 
squires  some  courage  to  raise  one's  voice  on  the  other  side,  ol  te^ 
nestion*    J  am  bold  enough  however  to  say  that  \  am  a^mv?^  Iq  "OCk^ 

Vol.  82,  21 
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w  {?**B  "ictrc  as  a  unit,  and  that  I  am  averse  to  the  decimal  system  for  many 
arry.  p^-p^jg^j,  q£  calculation.  I  do  not  mean  to  say  that  both  may  not  be 
useful  to  many  people,  but  I  am  perfectly  certain  that  they  are  by 
no  means  desirable  for  everybody.  I  do  not  wish  for  one  moment  to 
defend  the  system  of  weights  and  measures  in  this  country.  They  are 
complicated  and  unscientific,  there  is  no  doubt,  but  that  has  nothing  to 
do  with  the  question  of  adopting  either  the  decimal  system  or  the  metrical 
system.  Mr.  Brough  has  said  that  the  proportion  of  people  who  do  not 
use  the  metrical  or  decimal  system  is  40  per  cent,  of  the  whole  of  the 
population  of  the  globe.  I  have  been  informed,  but  I  will  not  vouch  for 
its  truth,  that  they  are  in  excess  of  half.  [Mr.  Alex.  Siemens  :  With 
the  Chinese  ?]  No,  not  the  Chinese — we  do  not  really  know  what  system 
they  use  in  China ;  so  we  will  leave  China  out  of  the  questioa  But 
when  we  are  told  that  we  must  of  necessity  come  to  the  metrical  system 
because  the  Latin  nations,  helped  up  by  Germany,  have  adopted  it,  I 
would  like  to  recall  the  time  when  we  were  similarly  told  that  every- 
body must  learn  French  or  they  would  not  be  able  to  communicate  with 
people  on  the  Continent.  What  has  been  the  result  ?  English  is  far  more 
universally  used  than  any  other  language  in  the  world.  Our  object 
ought  to  be  to  get  the  best  system,  and  to  see  that  we  are  satisfied  that 
it  is  the  best  system.  If  it  be  the  best  system,  I  hold  that  Great  Britain, 
with  her  Colonies  and  Dependencies  and  the  United  States,  will  set  the 
tune,  and  that  other  nations  will  follow.  Therefore,  let  us  see  what  is  the 
best,  and  not  rush  at  the  metrical  or  decimal  system,  because  we  arc 
told  that  a  number  of  people  who,  with  the  exception  of  their  latest 
proselyte,  Germany,  arc  not  great  commercial  peoples,  have  adopted 
the  metrical  system. 

I  have  worked  in  times  past  a  good  deal  with  my  hands,  and  I  am 
certain  that  the  metre  is  too  large  a  unit ;  it  is  not  convenient.  The 
foot  is  infinitely  more  convenient  for  all  work  in  which  I  was  engaged 
Again  I  hold  most  strongly  that  the  possibilities  of  division  of  12  are  far 
more  convenient  for  practical  men  than  any  system  based  on  10.  I 
spent  also  a  great  deal  of  my  time  once  in  what  is  called  quantity  mea- 
surements, where  we  are  continually  dealing  with  complicated  fractions 
— 2  ft.  4  in.,  12  ft.  8^  in.,  5  ft.  11  in.,  and  all  that  description  of  dimen- 
sions, both  in  computing  areas  and  cubes  ;  and  I  know  that  the  fact 
that  the  foot  is  divided  into  12,  makes  rapid  computation  far  more  easy 
than  any  division  into  10. 

When  you  can  divide  your  unit,  first  of  all  by  2,  then  by  3,  then  by 
4,  then  by  6,  and  then  by  8  for  ij  in.,  I  hold  that  a  duodecimal  system 
of  measurement  and  computation  is  far  and  away  more  convenient  for 
rapid  practical  work  than  any  decimal  system. 

We  talk  about  international  trade.  What  is  our  position  in  regard 
to  international  trade,  and  how  much  do  we  export  into  all  these  protected 
countries  who  have  adopted  the  metrical  system  ?  Why  do  we  want  to 
make  it  easy  for  continental  nations  to  supply  our  home  and  colonial 
markets  when  we  get  no  reciprocity  whatever  ?  I  am  not  saying  that 
that  is  a  reason  in  itself  against  the  decimal  system  or  the  metrical  \ 
system,  or  in  favour  of  the  duodecimal  system,  but  I  merely  allude  to 
it  because  those  who  so  ardenlV^  a.d\oc^\.<i\Xv^m^\x\s:a.land  the  decimal 
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•system  say  that  it  is  necessary  for  our  international  trade,    I  do  not  sir  joim 

think  it  is  necessary  for  international  trade  in  the  sense  in  which  that 

is  understood.    Some  previous  speaker  said  with  great  truth  that  it  will 

make  it  uncommonly  easy  for  our  friends  who  are  represented  by  Mr.  1 

Siemens  here,  or  who  are  at  any  rate  represented  by  his  familyj  to 

compete  with  us  In  every  market  in  the  world*     I  have  no  doutit  it 

may  do  so^  but  is  that  a  reason  for  our  getting  rid  of  convenient  units  I 

and  adopting  inconvenient  units  ? 

There  is  another  poiat  on  which  I  wish  to  touch.    What  is  to  be  I 

done  with  the  measures  of  time  ?    Is  the  day  to  be  divided  into  20  hours  ' 

instead  of  24  hours  ?    What  is  to  be  done  with  all  the  measurements  of 
latitude  and  longitude  ?     Are  they  to  be  all  made  decimal,   and  are  < 

our  sailors  to  be  forbidden  to  sound  in  fathoms  ? 

But  what  is  the  reason  for  all  this  advocacy  ?  And  why  make  it 
compulsory  I  for  that  is  what  is  really  intended  by  its  advocates  ?  In 
*  1895  it  wa^  made  permissible  :  let  those  who  want  to  use  the  metrical 
system  or  decimal  system  continue  to  use  the  metrical  or  decimal  system, 
but  it  does  seem  to  me  perfectly  ridiculous^  in  this  year  1903,  to  think  for 
_  one  moment  that  Parliament  would  compulsori  ly  enact  the  use  of  weights 
and  measures  which  would  be  inconvenient  to  a  very  large  propor- 
ftion  of  the  population  and  hugely  costly.  Why  notj  as  Lord  Melbourne 
said,  leave  it  alone  ?  Those  people  who  have  to  supply  countries  which 
use  the  metrical  system  with  girders  and  similar  articles  can  use  the 
metrical  system.  What  more  do  they  want  ?  Both  systems  are  useful, 
I  readily  admit  that  for  scientific  purposes ;  and  very  likely  for  electrical 
purposes,  with  which  I  ara  not  so  intimately  acquainted,  it  may  bti 
exceedingly  useful  to  use  the  metrical  and  decimal  system.     But  why  I 

make  it  compulsory  ?  W' e  can  get  on  very  weU  as  we  are*  I  do  not, 
however,  suppose  that  a  meeting  like  this  is  going  to  pass  any  resolution, 
'  because  that  is  not  our  business.  We  are  here  simply  for  the  purpose 
of  discussing  the  question  and  exchanging  ideas,  and  I  should  depre- 
cate any  other  aspect  of  the  subject. 

We  are  told  that  by  some  very  elaborate  system  we  could  in  a 
state  of  transition  make  our  present  units  fit  the  metrical  units.  That 
means  that  we  shall  have  three  systems  at  work.  Can  that  be  useful 
or  practical  ? 

I  venture,  in  conclusion,  to  say  that  first  of  all  any  system  which  is 
divided  by  twelve  is  the  most  convenient  thing  for  the  working  man. 

»I  believe  I  am  right  in  saying  that  to  this  day  in  Paris,  the  very  heart 
of  a  compulsory  metrical  system,  the  opticians'  w^ork  is  done  by  the  old 
French  inch^  w^hich  is  divided  by  twelve,  and  that  the  dozen  is  still  used 
in  France  m  many  trades,    I  do  not  speak  from  w^ant  of  experience  in 
practical  work,  as  I  worked  at  the  bench  myself  for  a  year  and  a  half, 
and  1  have  spent  a  great  deal  of  time  in  the  computation  of  measure- 
ments.    I  accordingly  put  before  this  meeting  my  strong  opinion  that 
^^  the  duodecimal  system  has  advantages  to  which  the  decimal  system 
^■can  never  attain,  and  that  if  you  compulsorily  adopt  a  decimal  system 
^"  you  will  absolutely  destroy  that  mental  arithmetic  with  w^hich  most  of 
the  people  who  have  to  do  with  measurements  make  with  ease  and 
rapidity  almost  all  their  more  simple  calculatious.    ^\\ei^iDicc,Ba  V  'tsiA 
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before,  although.  I  feel  that  perhaps  one  is  speaking  to  many  people 
who  arc  convinced  the  other  way,  I  raise  my  voice  against  any  com- 
pulsory adoption  of  either  tlae  nietrtcai  or  decimal  system,  althou. 
I  firmlj"^  believe  that  both  are  useful  in  their  proper  places 

Mr.  F.  W.  Takkett  Walker  :  I  have  come  over  two  hundred  mili 
for  the  purpose  of  speaking  because  I  am  a  very  strong  believer  and 
thinker  on  the  subject.  First  of  all^  a  word  or  two  about  the  money- 
I  am  a  good  deal  associated  with  Chambers  of  CommercCj  and 
these  Chambers  of  Commerce  are  almost  universally  very  strong 
supporters  of  the  decimal  system.  I  am  not.  They  do  not  seem  to 
understand  what  they  wantj  and  none  of  them  can  agree  as  to  what 
their  money  standard  is  to  be.  One  gentleman  proposed  a  half- 
sovereign,  another  gentleman  suggested  that  it  should  be  called  a 
Victoria  J  and  another  recommended  a  florin.  They  recommend  all 
sorts  of  computations,  but  none  of  them  can  agree.  As  long  as  they 
cannot  agree,  I  think  it  Is  absolutely  fatal  for  the  good  of  the  country 
that  they  should  attempt  to  change  the  standard.  People  who  cannot 
agree  have  no  right  to  ask  for  change.  England  has  many  good  assets. 
We  have  a  very  good  Navy^  a  very  good  Army,  and  a  very  good 
reputation ;  and  as  far  as  I  am  concerned  I  believe  that  the  best  part 
of  our  reputation  is  due  to  the  constancy  and  never-failing  value  of  the 
sovereign.  If  any  of  you  liave  known  what  it  is  to  send  your  family 
into  Qermany  and  then  have  to  pay  ttic  billj  you  will  find  that  whi 
you  get  the  bill  for  your  three  weeks  holiday  and  give  them 
EngHsh man's  cheque — ^not  in  sovercigns^^ — they  will  give  you  as  an 
acknowledgment  of  the  morality  of  that  Englishman's  cheque  as  much 
German  money  as  will  enable  you  to  tjeat  yourselves  like  a  Duke  or 
diamond  mine  owner  that  night  at  dinner.  Do  not  let  us  tamper  wii 
the  value  of  the  sovereign. 

With  regard  to  the  dimensions,  the  weiglits  and  measures, 
absolutely  agree  with  Sir  John  Wolfe  Barry  in  what  he  said  ;  in  fact, 
I  would  go  further,  I  personally,  in  the  course  of  my  business  as  an 
engineer,  have  a  good  deal  to  do  with  calculations,  aud  I  liave  the 
greatest  horror  of  this  decimal  system.  I  will  tell  you  a  story  which 
will  point  to  w^iat  I  mean,  rightly  or  WTongly,  A  Chancellor  of  the 
Exchequer  received  a  deputation  on  the  subject  of  the  decimal  system. 
The  deputation  was  composed  chieBy  of  commercial  men,  who» 
although  they  knew  very  little  whether  they  meant  the  decimal 
system  or  the  metrical  system,  honestly  believed  in  what  they  had  to 
say.  They  proceeded  to  describe  the  advantages  of  the  decimal 
system.  He  said,  "Gentlemen,  do  not  waste  your  time  ;  I  have  devoted 
immense  thought  to  this  subject  and  am  a  convinced  believer  in  the 
decimal  system."  But  these  gentlemen  felt  themselves  obhged  to  say 
something,  and  they  urged  that  they  could  put  before  him  certain 
points  which  would  strengtheu  his  advocacy  of  their  cause,  '*  Oh, 
well,'*  said  the  noble  lord,  "  by  all  means  put  your  views  before  me, 
but,  remember,  I  am  a  convinced  believer,  after  great  thought,  in  the 
decimal  system."  The  Chairman  then  explained  fully  in  w^hat  way 
everything  would  be  w^orked  out  with  the  decimal  system,  **  Most 
interesting,"  said  the  Chancellor  oi  fee  ^Ts^ch^net/' but  tell 
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re  those  beastly  Httle  black  dots  ?  '*     Now^  gentlemen,  that  is  my  view, 

fear  those  beastly  little  black  dots.  I  have  a  greater  fear  that  my 
draughtsman  will  put  a  black  dot  at  a  wrong  place,  than  I  have  a  fear 
that  he  will  iay  that  twice  7  makes  15*     Therefore,  I  have  the  greatest 

^nlidence  in  the  old  system,  which,  like  a  man^  carries  its  individuality 
upon  its  face. 

The  man  who  cannot  look  upon  life  as  an  equation  is  the  man  who 
always  comes  to  grief^  either  financially  or  in  some  other  way  ;  and  I 
prefer  the  person  who  makes  his  calculation  in  the  form  of  the  old- 
fashioned  equation,  which  naturally  results  in  a  vulgar  fraction.  If  a 
man  has  a  mind  which  puts  its  calculations  in  the  form  of  a  vulgar 
fraction,  he  has  something  to  look  back  upon  and  to  check  his  thoughts 
by  when  he  is  miking  his  calculations ;  but  the  man  who  begins  with 
the  iigure  i  and  a  thousand  noughts,  and  wonders  whether  he  is  to  put 
the  dot  here  or  there,  is  more  likely  to  get  w^rong  than  the  man  who  puts 
his  IJths  in  one  place  and  his  other  iigure  elsewhere;  it  is  a  thousand 
to  one,  if  he  is  only  patient  enough,  that  he  will  eliminate  the  VJths 
when  he  looks  for  it.  When  he  has  made  his  calculation  he  has  a 
deimite  thing  in  front  of  iuraj  and  the  vulgar  fraction  reminds  him  of 
what  he  was  thinking  about  when  he  made  his  calculation. 

I  tjclieve  it  would  be  very  foolish  for  this  country,  with  its  continually 
decreasing  trade  with  foreign  countries — not  decreasing  because  we  are 
decreasing  in  our  abilitVj  but  decreasing  because  foreign  countries  are 
increasing  their  powers  of  manufacture — I  believe  it  would  be  very 
foolishj  as  Sir  John  Wolfe  Barry  said,  for  this  country  to  copy  these 
people  merely  for  the  sake  of  being  in  with  every  one.  England  has 
never  been  a  nation  that  has  w^orked  on  the  line  of  alw*ays  trying  to 
square  the  public  ;  we  generally  try  to  go  on  our  own  lines ;  and 
although  we  nxay  be  very  old-fashionedj  and  very  muddling^  and 
blunder*headed,  we  generall}*  come  out  at  a  reasonably  good  place 
when  we  have  linished.  I  do  hope  that  we  shall  pause,  and  that  we 
shall  all  get  to  understand  exactly  what  we  do  want — whether  the  unit 
to  be  used  is  to  be  the  metre— that  metre  which  was  supposed  to  be  a 
measure  of  the  surface  of  the  earth,  but  which  has  since  been  found  to 
be  incorrect*  I  do  hope  we  shall  pause  before  we  build  our  future 
hopes  of  success  on  any  imaginary  dimensions  that  may  have  been 
settled  by  otlier  countries.  As  long  as  we  can  persuade  foreigners  to 
buy  our  machinery  made  to  those  miserable  inches  and  those  miserable 
feet  and  those  miserable  twelfths  and  fifteenths  and  sixteenths,  I  hope 
J  we  shall  not  alter  our  dimensions  merely  for  the  sake  of  being  able  to 

leasure  the  shaft  of  our  motor-car,  which  comes  from  France,  in 
•^French  dimensions. 

Mr*  J.  N,  Shoolejred  ■  Sir  John  Wolfe  Barry  in  his  remarks  went 
to  the  root  of  the  question  wiien  he  stated  :  that  what  we  have  to 
consider  lies  in  the  difference  between  the  duodecimal  and  the  decimal 
systems.  1  cannot  think  that  tlie  duodecimal  system,  divided  in  the 
way  in  which  Sir  John  gave  us  an  illustration^  is  in  any  way  simpler 
than  the  decimal  system.  My  experience  in  France  and  in  other 
^^Continental  countries,  as  well  as  at  home,  during  m^tv^  '^j&^Ais^Vi'^^  taa 
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Remarks  have  been  made  by  Sir  Frederick  Bramwell,  and  others,  as  to 
the  inconvenience  which  would  be  entailed,  particularly  in  mechanical 
workshops,  by  the  introduction  of  the  additional  measuring  units  of  the 
metrical  system.  Sir  Frederick  illustrated  this  by  reference  to  a  paper 
by  Mr,  Coleman  Sellers,  presented,  in  1880,  to  the  American  Society  of 
Mechanical  Engineers.  Pointing  out  the  extreme  inconvenience,  as 
well  as  cost,  of  the  introduction  of  the  metric  system  into  machine 
shops  in  that  country,  tliat  paper,  Sir  Frederick  said,  resulted  in  a 
recommendation  to  Congress  not  to  introduce  the  metrical  system. 
Sir  Frederick,  however,  did  not  allude  to  the  great  change  of  opinion, 
which  has  taken  place  in  the  United  States  during  the  last  twenty  years, 
as  is  evidenced  hy  the  fact  that  Congress  has  at  present  before  it  a 
measure  for  the  compulsory  introduction  of  the  metric  system.  Its 
introduction  is  to  be  gradual.  In  the  first  instance,  the  metric  system 
there  is  to  be  imposed  upon  the  Government  Departments  themselves, 
and  in  the  second  place,  after  a  longer  period,  upon  the  general  public  ; 
but  no  penalties  whatever  are  attached  to  non-compUance  therewith, 
Some  arrangement  of  that  kind  would,  in  this  country,  relieve  the  com- 
pulsory introduction  of  this  system  of  the  drastic  character  which  bas 
been  referred  to.  Furthermore,  I  am  informed,  apparently  on  good 
authority,  that  Mr.  Sellers  himself  has  not  altogether  abandoned  the 
use  of  the  metrical  system  in  his  own  shops,  as  Sir  Frederick  Bram* 
well  mentioned :  perhaps  Sir  Frederick  would  ascertain  whether  this 
is  so,  or  not* 

With  regard  to  the  difficulties  which  have  been  mentioned  by 
Sir  Frederick  Bramwell,  Sir  John  Wolfe  Barry,  and  others,  as  to 
the  introduction  of  the  metrical  system,  it  appears  to  me  that  they 
are  answered  most  effectively  by  the  presence  of  such  a  large  audience 
in  this  room.  For  the  great,  nay  almost  abnormal,  increase  of  this 
rnstitution  during  the  last  twenty  years  is  largely  due  to  the  fact  that 
the  C.G.S*  units,  which  were  first  introduced  by  the  British  Association 
(and  which  mean  practically  the  metric  system),  have  since  become  the 
universal  mode  of  electrical,  and  physical  measurements,  throughout  all 
countries.  So  much  so,  that  any  person,  in  any  country,  may  take  up 
and  understand  the  electrical  and  physical  measures,  in  any  text  book, 
irrespective  of  the  language  in  which  it  may  be  written-  We  ourselves, 
here,  arc  therefore  practically  an  example  of  what  can  be  done,  and 
that  voluntarily,  and  without  any  compulsion,  tow^ards  the  introduction, 
of  the  metric  system. 

Colonel  R.  E,  B,  Cromftox,  C*B>  :  A  good  deal  of  irrelevant  mal 
has  been  brought  into  this  discussion.  Surely  the  first  question  for  us 
to  consider  is  whether  a  change  to  the  metric  system  is  possible,  even 
if  it  is  desirable.  Although  we  all  desire  uniformity  and  simpUfication 
in  our  calculation  of  money,  weights,  and  measures,  we  must  remember 
til  at  changing  any  linear  standard  affects  the  mechanical  engineers  of 
the  world  far  more  than  any  one  else,  and  of  these  engineers  America, 
England,  and  her  Colonies  constitute  the  majority.  How  then  will  the 
arguments  that  have  been  here  used  in  favour  of  the  metric  system  be 
received  in  America  ?  Although  Mr.  Shoolbred  has  said  that  in  America 
there  are  signs  of  a  change  ol  op\mov\  m  laNom  oi  fe^  vct^X.\\^  ^^^tcuiv  I_ 
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raust  emphatically  contradict  him.  The  slate  of  American  opinion 
is  wdi  shown  frooa  the  recent  discussions  on  this  subject  of  papers  read 
before  the  American  Society  of  Mechanical  Engineers  which  were  well 
reported  in  Engineering  of  Jannary  23 ,  1903^  pages  104  to  107.  The 
discussion  on  Mn  Hatsey's  paper  on  the  metric  system  lasted  two  days 
aod  was  followed  by  numerons  letters  from  manufacturers^  all  showing 
that  no  one  in  America  favoured  the  metric  system.  A  very  strong 
letter  wholly  condemning  the  metric  system  of  linear  measurement  was 
read  from  Mr.  Charles  T.  Porter,  one  of  the  most  respected  past- 
prestdents  of  that  Society.  This  letter  deserves  to  be  reprinted  in  full 
in  this  discussion.' 


Cqland 
Crompton. 


^  The  following  Is  the  letter  referred  to,  as  quoted  by  Engineering 
bp%  Vol  75,  No.  IQ34,  pp.  106,  107)  from  Engineering  News  (December  25, 
f  9Q2)  :- 

^^SiE,— '  ABSUHD  I '     Yes,  that  is  the  word  with  which  the  Committee  of 

American  Society  of  Mechanical  Engineers  on  the  metric  system  iitly 

acterised  and  contemptuously  dismissed  the  Bill,  now  before  Congress, 

dng  our  system  of  linear  measurement   illegal.     That  word  was  the 

scessary    conclusion   from    the    facts    presented    in    the    report    of    the 

bmmittee. 

'The  promoters  of  this  measure  were  very  properly  excused  on  the 
JroLind  of  ignorance.  If  they  had  the  least  idea  of  what  they  were  doings 
*  the  unapproachable  excellence  of  the  system  of  linear  measurement  on 
Which  they  were  laying  their  bandsman  excellence  which  is  briefly  outlined 
\  the  report  of  the  Ct^mmittee,  but  which  can  be  realised  only  by  those  who 
Ire  familiar  with  its  use — their  advocacy  of  this  Bill  would  be  without  excuse, 
r  rather  it  would  be  an  act  of  which  they  would  be  incipable. 
"To  begin  with^  1  arraign  the  metric  system  itself  as  absurd.  The  idea 
which  this  system  was  founded  was*  big  and  childish  ■  one  which  no 
opie  except  the  French  could  ever  have  thought  of.  To  them  it  seemed 
Biblime,  They  would  take  for  a  unit  ^^J^^^f  quadrant  of  the  meridian,  or  the 
[stance  on  the  earth's  surface  from  the  Equator  to  the  Pole,  and  make  this 
Dit  of  a  grand  decimal  system  of  measurement  of  everything  on  the  earth 
ad  in  the  heavens  ;  and  from  this  they  would  derive  a  unit  for  another  grand 
liversal  decimal  system  of  w^eight.  After  the  metre  had  been  materialised 
I  a  metal  bar,  and  this  bar  had  been  legally  proclaimed  to  the  world  as  the 
^d  universal  unit,  it  was  found  to  be  too  shorty  and  the  absurdity  of  this 
Baionary  fantasy  stood  exposed.  The  metre  is  merely  an  arbitrary  unit^  as 
ny  unit  of  measure  or  weight  must  necessarily  tte- 

"  This  ptrrformance  would  l>e  too  ridiculous  to  notice  were  it  not  for  these 

two  &cts.    The  metric  system  is  still  proclaimed  to  be  the  grand  universal 

lldentific  system  of  vveigllt  and  measure,  and  many  merely  theoretical  minds, 

nd  I  am  sorry  to  say  some  practic-al  mechanical  minds  also,  in  this  country 

tre  daz/led  by  its  brilliant  pretensions.    The  fantastic  foundation  is  also  a 

ley  to  the  character  of  the  system.    We  shall  see  lliat  as  a  whole  it  is  the 

product  of  the  same  merely  theoretical  and  visionary  minds. 

^Secondly,  the  metric  system  is  absurd  in  confounding  together  weights 

ad  measures,  things  which  are  entirely  dissimilar  and  unrelated,  and  apply- 

[  ing  the  same  system  of  division  to  both.    Universality  was  the  hobby  and  the 

I  blunder  of  its  schemers-    Thus  we  have  this  result.     Physicists  deal  with 

iiinute  quantities,  and  do  not  measure,  but  only  weigh.     In  the  free  exercise 

'  their  right  to  choice,  they  found  the  gram  and  itii  decimal  divisions  to  be 

dmirably  adapted  to  their  use  ;  their  work  lying  within  the  natural  field  of  the 

Idcdmal  system*     From  this  they  jumped  to  the  universal  conclusion,  which 

1  lii  aot  merely  un&cientific,  but  is  senseless,  that  the  metric  system  must  be 

equally  suited  to  everything  :  to  things,  large  as  well  as  amalt^  and  to  Tcva'aaii^t- 

tneots  as  well  as  to  weight    But  English-speaking  people  \v\v^:t  ta^a^wte,  ^^ 

\mA  ^gret  with  them.    Thereiore  ^ese  people  must  be  depr Wed  ol  l\v«.v\:  T\gs\V 
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lonei  In  Mr.  Halsey's  paper  the  following  words  occur : — 

ttnpton.  a  The  chief  value  of  a  standard  lies  in  the  fact  that  it  is  adopted, 

that  it  has  become  a  part  of  our  daily  lives,  and  works  so  smoothly  that 
we  are  scarcely  aware  of  its  existence.     For  example,  the  value  of  pipe 
thread  standards  is  not  represented  by  the  tap  and  dies  in  the  hands  of 
pipe  makers  and  fitters,  but  by  the  fact  that  because  the  threads  arc 
standardised,  pipe  fittings  can  be  made  by  the  million  at  trifling  cost. 
The  cost  of  changing  our  pipe  thread  standard  is  not  represented  by 
the  cost  of  new  taps  and  dies,  but  by  the  confusion  involved  in  getting 
from  one  standard  to  another,  a  confusion  which  will  last  until  all 

of  choice,  and  compelled  by  law  to  take  the  medicine  that  these  doctors  think 
will  be  good  for  them.  This  illustrates  a  radical  absurdity  of  the  metric 
system,  applying  one  universal  method  to  everything. 

"  Conliniiig  our  attention  now  to  measurement,  with  which  mechanical 
engineers  are  chiefly  concerned,  I  note,  thirdly,  that  the  metric  system  is 
absurd  in  ordaining  a  single  unit  of  measurement  for  everything,  from  the 
least  to  the  greatest,  when  all  other  systems  employ  a  number  of  units,  each 
one  especially  adapted  to  a  larger  or  a  smaller  field.  This  absurdity  stands 
confessed.  The  metricians  found  themselves  after  all  compelled  to  employ 
three  units,  the  additional  ones  being  the  kilometre  for  land  measures,  and 
the  millimetre  for  mechanical  measures,  thus  making  necessary  the  use  of 
three  decimal  points. 

'*  Fourthly,  Ihe  metric  system  is  absurd  in  forbidding  the  use  of  division 
by  continual  bisection,  the  natural  method  which  first  occurs  to  everybody, 
and  which  possesses  important  advantages,  as  mentioned  in  the  report  of  the 
Committee  ;  thus  interfering  with  individual  freedom  of  choice,  which  is 
a  natural  right,  and  ordaining  for  universal  use  the  decimal  system  of  division 
only,  the  proper  field  of  which  is  in  the  expression  of  very  small  or  fractional 
quantities,  and  which  is  wholly  unsuited  to  express  large  dimensions. 

'*  This  absurdity  is  realised  in  its  utmost  aggravated  form  in  mechanical 
measurements,  in  which  every  dimension,  however  large,  it  was  found 
necessary  in  the  metric  system  to  express  in  millimetres,  the  smallest  unit, 
03937079  inch.  Thus,  38  feet  are  11,558  mm.,  and  these  five  figures  and  two 
letters  must  be  written.  Nice  to  remember  !  We  might  just  as  well  be 
compelled  to  express  all  divisions  of  the  circle  or  of  time  in  seconds. 

"But,  say  the  metricians,  we  want  uniformity.  Well,  in  the  English 
system  of  linear  measurement  we  have  uniformity.  It  presents  the  very 
ideal  of  uniformity.  Throughout  the  United  States  and  the  British  Empire, 
all  English-speaking  people  on  the  globe,  in  their  great  variety  of  occupations, 
every  man  who  measures  any  thing  for  any  purpose,  all  employ  the  same 
identical  system  of  measurement.  Its  great  practical  excellence  has  compelled 
its  universal  adoption  by  men  free  to  use  the  metric  or  any  other  system  if 
they  want  to,  and  with  the  same  freedom  of  choice  this  excellence  will  make 
its  use  universal. 

"  The  proposed  law  excepts  land  measurement.  The  same  reason  would 
cause  all  measurement  to  be  excepted  from  it.  Yea,  they  are  tenfold  stronger 
in  the  case  of  mechanical  measurement.  It  would  produce  quite  as  great 
confusion  or  chaos  in  mechanical  as  in  land  measurements — indeed  far 
greater.  Its  disastrous  effects  in  cutting  us  off  from  our  mechanical  past, 
and  in  annihilating  our  standards  and  our  literature,  would  be  inconceivable, 
and  all  for  what  }    Echo  answers.  What  ? 

"  A  judicious  law,  giving  to  this  nation  the  same  uniformity  of  weights 
that  we  now  enjoy  of  measures  of  length,  would  doubtless  be  hailed  as  a 
benefit.  Adherence  to  the  proposed  law,  applying  the  metric  system,  which 
confounds  measures  and  weights,  and  applies  one  arbitrary  system  to  both, 
will  bring  our  legislators,  sooner  or  later,  to  realise  that  our  system  of 
linear  measurement  is  interwoven  with  the  life  of  this  people  ;  that  they 
reaJise  its  inestimable  value,  and  that  they  are  fully  able  to  maintain  it. 

"  ^^\^^ed\  Chas.  T.  Porter. 
''Montclair,  N.J.  December  16, 1902." 
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existing  steam,  water,  aud  gas  pipes  have  disappeared ,  and  it  will  not  coiond 
be  lessened  by  putting  off  th<^  change  until  it  is  brought  about  at  the     "'"^ 
suggestion  and   convenience  of   manufacturers.     It  is  because  of  our 
standards  and  our  standardised  methods  that  American  mechanical 
industries  are  great.    It  is  in  this  that  we  lead  aod  by  this  sign  we  I 

conquer  It  is  this  that  distinguishes  us  from  the  remainder  of  the 
w^orld^  and  having  the  lead  which  such  things  give  us^  we  are  asked  to 
abandon  it  and  line  up  in  the  race  afrcshj  and  this  in  the  name  of 
progress." 

He  further  went  on  to  say  that  no  mechanical  engineering  society  ' 

had  said  a  word  in  favour  of  the  metric  system. 

If  this  is  the  state  of  things  in  Americaj  and  I  believe  that  it  is  sOj 
we  in  this  room  must  see  the  enormous  importance  and  immense  sum  j 

of  money  involved  in  a  compulsory  change  of  linear  measure  when  I 

applied  to  the  two  great  mechanical  nations  of  the  world. 

For  the  reasons  above  given,  the  possibility  of  simpHfying  money, 
weights,  and  measures  of  capacity  by  decimalising  them  is  of  quite  a 
different  order  of  possibility  to  that  of  changing  linear  standards. 
Sellars  point  out  that  the  capital  expended  in  measuring  plant,  which 
is  not  likely  to  be  scrapped  or  made  obsolete  in  any  way  except  by  this 
change  is,  in  the  English- speaking  and  inch-using  countries,  America, 
England  and  her  Colonies,  many  times  greater  than  the  capital  already 
expended  in  the  countries  using  the  metric  system.  Of  course  this 
applies  equally  to  Professor  Stoney's  proposal  to  alter  the  inch.  If  any 
change  is  possible  in  the  future,  it  will  be  that  of  altering  the  mOlimctrc 
to  become  the  exact  25th  of  the  inch.  The  tail  cannot  wag  the  dog, 
and  in  this  particular  instance  the  tail  is  the  metric  system  and  the  dog 
is  the  inch. 

Another  point  where  the  inch  divided  on  the  binary  scale  is  superior 
to  any  system  based  wholly  on  decimal  division  is  that  of  screw  threads. 
It  is  found  in  practice  awkward  and  inconvenient  to  use  decimally 
divided  leading  screws  for  lathes,  so  that  even  in  countries  using  metric  | 

systems  most  of  the  screws  used  have  threads  of  Whilworth  pitches 
based  on  the  binary  scale,  and  whenever  metric  leading  screws  are  used  I 

these  also  are  to  some  extent  on  the  binary  scale,  that  is  to  say  they  use 
4-miilimetre,  6-miliimetre,  and  l:i-miUimetre  pitch  and  so  on  ;  but  even  j 

then  they  are  more  inconvenient  than  Whitworth  leading  screws  based 
on  the  inch  divided  on  the  binary  scale,  Of  course  this  defect  has 
nothing  to  do  with  the  metric  system,  but  shows  the  inferiority  for  this 
purpose  of  the  decimal  to  the  duodecimal  system  of  division.  The 
result  of  this  is  that  in  countries  using  the  metre  we  find  two  sets  of 
measurements  on  one  drawing,  the  metric  for  most  of  the  details,  but 
Whitworth   pitches  and   dimensions   specified   for  the  screws.     The  | 

Whitworth  scale  of  pitches  at  so  many  threads  to  the  inch  is  simple 
and  easily  remembered ^  but  on  the  metric  system,  in  order  to  avoid 
confusion  and  mistakes,  the  names  of  the  pitches  must  be  given  in 
tenths  of  millimetres,  so  that  we  find  the  change  wheel  tables  for  their 
lathes  naming  the  pitches  in  tenths  of  millimetres  such  as  ^ths  and  so 
on. 

Speakers  who  have  dwelt  so  much  on  ttie  mcte-ast^id  TvM^ci^o^x  ^i 


>ber. 


31d     SIEMENS:  NOTES  ON  THE  METRICAL  SYSTEM      [Feb.Sfh, 

lei         figures  and  waste  of  time  involved  by  the  calculations  when  using  our 
''*^°"'     present  system  of  weights  and  measures  quite  forget  that  since  the  use 
of  the  slide  rule  became  so  universal  the  time  taken  in  converting 
from  one  system  to  the  other  is  trifling.    No  electrical  or  mechanical 
engineers  concern  themselves  with  the  obsolete  measures  concerning 
which  so  much  valuable  time  has  been  wasted  by  some  of  the  speakers. 
Practically  we  only  have  to  deal  with  the  inch  divided  on  the  binary 
and  decimal  scales,  the  foot,  the  yard,  the  pound,  the  ton,  the  gallon, 
the  cubic  foot  and  cubic  yard.    There  is  no  difficulty  in  making 
calculations  or  estimates  in  these  measures,  and  whenever  it  is  required 
in  converting  them  into  metric  measures  we  can  do  so  by  a  single 
operation  of  the  slide  rule  or  calculator.    The  time  taken  in  doing  this 
is  inappreciable,  in  fact  less  than  the  usual  time  taken  in  considering 
the  position  of  the  decimal  point,  and  in  practice  I  do  not  think  that 
English  and  American  electrical  engineers  users  of  slide  rules  do  find 
any  appreciable  waste  of  time  in  bringing  together  electrical  calcula- 
tions worked  out  on  the  metric  system  with  the  mechanical  details  (rf 
their  machinery  based  on  the  inch. 
£!°"  Major-Gcneral    C.   E.  Webber  :    There  is  one  point    which  Sir 

Andrew  Noble  mentioned  that,  I  think,  cannot  be  passed  over,  namely, 
that  the  real  question  underlying  and  behind  this  one  as  regards  the  brains 
of  the  nation,  and  as  regards  the  education  of  the  rising  generation,  is 
whether  we  are  going  to  teach  them  to  think  in  tenths  or  twelfths ; 
that  means,  are  we  going  to  divide  the  pound  sterling  into  thousandths? 
I  remember  sitting  next  to  Mr.  Gladstone  many  years  ago,  and  asking 
him  how  he  would  agree  to  lod.  to  the  shilling.  His  answer  was, 
"What  would  become  of  the  apple- woman's  penny?"  What  Sir 
Frederick  BramwcU  said  at  the  last  meeting  reminded  me  that  in  the 
present  generation  the  question  of  tenths  and  twelfths  is  largely 
sentimental. 

I  should  like  to  remark  that  there  is  a  great  body  of  professional 
men  in  this  country,  numbering  upwards  of  33,000 — I  mean  those 
connected  with  the  building  trades,  architects,  surveyors,  and  members 
of  building  firms— who  arc  using  inches,  feet,  and  yards  every  day  of 
their  lives,  who  have  to  be  consulted  in  this  matter  quite  as  much  as 
the  engineering  world,  which  contains  not  half  the  number  of  pro- 
fessional men  who  use  those  measurements  to  the  same  extent.  The 
only  thing  for  which  I  am  sorry  this  evening  is  that  we  have  no 
representative  of  the  building  trades  here  who  has  worked  both  in 
France  and  England  as  I  have.  I  should  like  to  hear  from  the  side  of 
the  man  who  has  never  worked  with  decimally  divided  measurements 
and  money  (as  one  does  in  France)  whether  he  really  appreciates  the 
number  of  figures  that  are  entailed  by  calculations  in  the  ordinary 
working  out  of  quantities  and  costs  by  the  two  systems.  If  any  one  will 
take  the  trouble  to  write  down  for  themselves  a  few  simple  problems 
of  cubic  contents  in  earth-work,  in  brick-work,  in  wood-work  at  varying 
prices,  and  calculate  them  out  in  money,  he  will  find  that  the  number  of 
figures  in  our  duodecimal,  as  compared  with  the  decimal  system,  is  61 
to  23;  that  is,  the  actual  number  oi  ^^utes  he  would  have  to  put  down 
on  paper  arc  nearly  three  times  as  matv>j  m  \}cv^  lot^^i  ^'s»\\v  "CaaNatoN 
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ind  when  you  come  to  remember  the  enormous  number  of  calculations  ?f,^yp^"' 
liat  have  to  be  made,  you  will  realise  the  convenience  and  reiving  of 
bour  in  connection  with  quantities  and  prices  in  building  construction 
Carried  out  by  professional  men  in  France  as  compared  with  this 
ftountry, 

Mr.  A.  E.  Levin  :  It  is  sometimes  said  that  the  comparison  is  Mr,  Levin 
Mwcen  a  duodecimal  and  a  decimal  system.  Surely  to  call  our 
English  weights  and  measures  a  duodecimal  system  is  gross  flattery, 
Wt  have  twelve  inches  in  a  loot,  it  is  true,  but  in  the  Avoirdupois  weight 
here  is  not  a  single  multiple  of  three,  so  that  if  we  wish  to  divide  a  ton 
to  three  equal  parts  w^e  must  go  to  the  fraction  of  a  grain.  If  any 
ivision  by  three  is  necessary,  which  brings  us  below  an  inch^  our 
omary  subdivision  of  the  inch  becomes  absurdly  inconvenient.  Even 
one- sLxty- fourth,  no  exact  third  of  an  inch  can  be  expressed* 
toother  objection  which  is  sometimes  made  to  the  metric  system  is  that 
the  multiples  and  sub-multiples  are  expressed  by  Greek  and  Latin 
swords,  I  have  never  yet  heard  that  the  Greek  and  Latin  origins  for 
their  names  have  spoiled  the  popuLirity,  say  of  the  telegraph  or  the 
IHnnibus,  Colonel  Crompton  has  spoken  of  the  enormous  cost  of  the 
Standards,  the  templates  and  gauges  represented  by  our  inches  and 
feet  in  mechanical  workshops.  But  surely  the  capitalised  value  of  the 
iental  labour  which  is  spent  and  wasted  in  calculations  in  feet  and 
Snches,  in  acres,  in  miles,  in  chains,  in  the  live  and  a  half  yards  which 
p  to  make  a  rod,  is  enormously  greater  than  that  capital  which  is 
eked  up  in  the  fool  and  the  inch. 

Prof.  R.  H*  Smith  {communicakd) :  I  can  testify  to  the  fact  that  Prof,  a 
irrors  in  reading  from  drawings  such  dimensions  as  12^"  instead  of 
''  2\'^  are  more  frequent  than  those  arising  from  misplacing  the 
Icciraal  point.  This  latter  is  an  error  of  no  great  practical  importance 
tecause  it  is  one  of  such  gigantic  amount,  that  it  cannot  be  carried  on 
ito  practical  operation.  The  error  of  reading  12}^'  in  place  of  r'  2^" 
entirely  due  to  our  division  of  the  foot  not  corresponding  with  our 
ystera  of  numeration.  If  this  were  duodecimal^  or  if  the  base  for 
Bvision  and  multipUcation  of  unit  measures  were  the  same  as  that  for 
ixmerationj  whatever  that  base  might  be,  such  mistakes  could  not 
;cur. 
British  measures  are  not  duodecimal.  They  are  divided  up  by 
3,  5  and  7  with  extreme  irregularity.  The  want  of  system  appears 
Ot  only  as  between  measures  of  one  kind  and  those  of  other  kinds  :  it 
equally  extravagant  in  each  set  of  one  kind.  The  mile  is  divided  by 
then  by  10,  then  by  2  X  ir,  then  by  3,  then  by  2x2x3,  then  by 
X  5  X  2  X  2*  The  ton  is  divided  by  2,  then  by  10,  then  by  4x4, 
leu  by  7. 

If  we  had  a  real  system  of  measures  whose  base  was  12  ^^  2  x  2  X  3, 
id  if  our  numeration  were  also  founded  ou  this  base,  this  would  be, 
^  doubt,  better  than  a  decimal  system  i  but  one  whose  base  was 
X  3  x  5  ^  30  would  be  still  better,  and  with  very  little  practice  all 
Licated  persons  could  easily  work  their  arithmetic  by  powers  of  30. 
the  base  12  there  is  no  essLrniial  advantage  J4a\t\cdb^  lV\ii  ic^^^'<\K\a&. 
the  factor  2,    There  is  no  ground  reason  tor  \\a\t\ii^  beX^^^vt  'Cwe. 
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*  SmHli,  bases  2  X3^6  and  6x5  =  30.  If  30  be  really  too  big  for  our 
average  arithmetic  intellect,  and  6  be  too  smaU  to  utilise  it  iuMyj  we 
have  to  choose  between  2x2  X3^i2  and  2  X  5  =  10 ;  that  15,  to 
choose  between  omitting  the  factor  3  or  5. 

Exactitude,  as  distinguished  from  accuracy  in  the  sense  of  (rcedom- 
from  mistake,  is  of  no  real  value  in  any  kind  of  practical  work.  The 
data  for  calculation  are  never  known  with  exactitude,  and  a  greater 
degree  of  minute  exactitude  in  calculation  than  exists  in  the  data  is 
'worse  than  delusive,  it  is  often  materially  injurious.  For  this  reasoo 
the  selection  of  a  base  because  of  its  richness  in  exact  fractions  of 
simple  form  is,  in  my  opinion,  of  no  real  practical  importance.  The 
division  of  the  circle  in  12  and  24  parts  is  natural  and  easy;  but  this 
seems  the  only  good  ground  for  regarding  12  as  a  superior  base.  But 
all  practical  calculators  know  that  measurement  of  angles  by  360°  to  the 
circle  is  an  unmitigated  nuisance*  One  set  of  calculations  demands  the 
"  circular ''  or  w  measurement ;  while  in  another  the  direct  measure- 
ment of  angles  by  their  tangents  or  sines  is  infinitely  more  convenient. 
Measurement  by  360*^  is  xever  useful :  it  always  involves  labour  lost,. 

What  is  of  absolutely  essential  practical  importance  is  that  the  base 
of  written  numeration  should  be  the  same  as  that  on  which  measures  of 
ail  kinds  are  systematiscd.  For  written  nttmeration  ail  nations  throngli- 
out  the  world  have  adopted  the  base  to,  and,  for  better  or  worse,  are 
certain  to  adhere  to  it  immovably,  As  this  cannot  be  changed^  the 
unavoidable  conclusion  is  tliat  measmx^s  should  be  decimalised. 

It  seems  quite  irrelevant  to  discuss  whether  the  yard,  metre,  foot, 
inch  or  miUimetre  is  the  better  standard  unit.  For  the  manifold 
purposes  of  industry  it  is  absolutely  essential  to  use  various  sizes  of 
uniis  of  each  kind.  The  output  of  a  mine  cannot  be  measured  in  lbs., 
nor  bread  be  sold  retail  by  the  ton.  For  wire  drawing  and  gauge 
fitting  the  inch  unit  is  at  least  a  thousand  times  too  big^  while  for  land 
surveying  it  is  at  least  a  thousand  times  too  small*  Thus  no  one  unit  of 
each  kind  can  be  said  to  be  even  approximately  the  best,  or,  indeed, 
to  have  intrinsically  any  advantage  over  another.  What  practical 
working  convenience  urgently  demands  is  that  all  the  various  sizes  of 
units  found  convenient  in  practice  for  each  kind  of  thing  should  be 
interrelated  by  similar  numerical  ratios  as  are  adopted  for  those  of 
other  kinds  of  things^  and  for  convenience  in  decimal  calculation  all 
these  ratios  should  be  decimal. 

The  units  of  the  metric  system  have  no  intrinsic  superiority  over 
others.  The  intrinsic  superiority  of  this  system  lies  in  (1)  that  it  is 
strictly  systematiscd  on  one  bai^e  ratio  throughout,  and  (2)  that  this 
base  ratio  is  10.  No  other  system  exists  which  has  either  of  these  two 
advantages,  and  these  two  are  atl  that  are  wanted  or  can  be  rationally 
conceived  of.  Any  number  of  systems  fulfilling  these  two  essentials 
with  other  units  may  be  devised  ;  and,  if  universalJy  adopted,  any  such 
system  would  be  equally  useful  and  convenient.  But  the  metric 
system  is  already  used  by  a  large  proportion  of  the  industrial  and 
scientific  parts  of  the  human  race,  and  no  possible  advantage  can 
accrue  from  its  wanton  destruction.  For  no  other  can  possibly  be 
sttcr  in  praciicaJ  essentials  except  in  sxib^WUsAitv^  lot  \QftMiV^\^^  vi. 
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or  30  for  measures  and  written  numeration  alike,  and  this  latter  is   Prof,  1 
humanly  impossible. 

Lieut.-Col.  Crompton's  argument  that  the  existing  capitalised  interest 
embodied  in  inch  plant  is  greater  than  that  in  metric  plant  is  tlie 
only  strong  argument  against  the  universal  adoption  of  metric 
measures.  The  following  consideralionSj  however,  tell  against  it.  A 
very  large  amount  of  mental  and  other  labour  has  been  embodied  in 
the  calculation  and  printing  of  logarithmic  and  other  decimal  tables^ 
and  if  the  necessity  for  the  same  base  in  numeration  and  in  measures 
be  recognised,  and  if  to  be  abandonedi  all  this  labour  would  be  thrown 
away.  Again  there  is  a  much  larger  proportion  of  the  metric  than  of  the 
inch  plant  that  is  wholly  modern,  and  up  to  modern  requirements  of 
eiBclency.  A  much  larger  proportion  of  the  inch  plant  is  near  the  end 
of  its  life,  partly  because  of  being  worn  out^  and  partly  because  of 
antiquation  of  pattern.  Plant  of  all  kinds,  and  especially  that  of 
antiquated  type,  is  being  scrapped  rapidly,  while  the  question  of  changing 
over  to  metric  measures  is  one  essentially  for  the  future.  It  cannot  be 
judged  fairly,  simply  in  view  of  the  inconveniences  and  losses  to  be 
borne  in  consequence  of  it  during  a  period  of  5  or  10  or  20  years.  It  is 
a  change  the  advantages  of  which  will  operate  throughout  centuries ; 
it  is  quite  improbable  that  any  new  alteration  would  be  demanded  for 
1,000  years.  Besides  a  comparison  between  the  two  parts  into  which 
existing  plant  may  be  divided,  that  whose  life  is  atrexidy  well  spent  and 
that  whose  life  is  just  beginning,  there  is  also  to  be  considered  the  new 
plant,  not  superseding  old  scrapped  plants  that  will  he  laid  down  during 
the  next  100  years,  not  only  in  P^urope  and  North  America,  but 
also  in  China,  Japan,  Siberia,  India,  Australia^  South  Africa,  and  Soutb 
America.  The  advantages  to  be  gained  accrue  in  respect  of  aU  this 
new  plant  recently  laid  down  and  to  be  created  during  the  next  few 
centuries,  while  the  losses  incurred  by  the  change  affect  only  the  plant, 
much  of  which  is  almost  dead  already,  and  of  which  not  a  single  ton 
will  be  in  existence  20  or  30  years  hence,  except  stored  in  the  corners 
of  historical  museums- 

Mr,  Albert  Campuell  (commiiuifat^d) :  Although  I  would  advocate 
in  the  strongest  possible  manner  the  immediate  adoption  of  the  metric 
system,  I  think  there  is  one  defect  in  it  which  should  be  remedied  before 
the  British  public  is  asked  to  accept  tlie  system.  I  allude  to  the 
cumbrous  naming  of  most  of  the  metric  weights  and  measures.  If  we 
are  to  throw  away  bandy  words  like  inch,  pound,  otincc,  and  miiCf  we 
must  replace  them  by  something  shorter,  clearer,  and  better  than 
the  French  centimetre,  kilogramme,  decigramme,  and  kilometre  (or 
Anglicised  centimeter,  kilogram,  etc.).  An  inventor  with  linguistic 
imagination  is  wanted  here. 

It  is  to  be  hoped  that  when  the  metric  system  comes  in,  the  coinage 
will  also  be  made  decimal.  This  would  be  a  much  easier  matter  than 
most  people  imagine,  for  it  would  be  only  necessary  to  make  the 
half-sovereign  the  unit,  and  alter  the  copper  coinage  to  make  10  new 
pennies  in  a  shiUing.  The  silver  and  gold  coins  would  then  only  want 
renaming,  and  prices  of  id.  a  yard,  or  id.  a  pound  would  be  'vc.t^  icv^tlxV^ 
equivalent   to   a   new  penny   for    a   mctve  ot    a.  \\3l\1  Vv\Q^^^t&.^coa 


Mr. 

Cainpb 


322     SIEMENS:  NOTES  ON  THE  METRICAL  SYSTEM     [Feb. 6th, 

This  would  be  a  distinct  convenience  to  the  less  intelligent  buyers, 
"^  whilst  to  keep  £i  sterling  as  unit  would  involve  a  much  more  difficult 

change, 
nens.  Mr.  ALEXANDER  SIEMENS,  in  reply,  said  :  Gentlemen,  I  will  begin 

by  referring  to  Colonel  Crompton's  remarks.  I  was  prepared  to  hear 
him  say  something  about  screws,  so  I  had  some  screws  made  for  his 
special  delectation,  and  while  I  am  replying  to  the  other  speakers  I 
hope  Colonel  Crompton  will  look  at  them.  There  are  four  screws. 
Two  are  made  on  a  lathe  with  a  metrical  lead,  a  4  mm.  leading  screw, 
and  two  arc  made  on  a  bench  with  eighth  of  an  inch  leading  screw. 
Two  of  the  screws  are  of  J  in.  pitch,  and  two  of  the  screws  are  of  4  mm. 
pitch.  Then  two  nuts  have  been  made.  The  nut  for  the  4  mm.  pitch 
is  made  with  a  French  tap,  and  the  nut  for  the  two  screws  of  i  in. 
pitch  is  made  with  an  English  tap.  I  should  like  Colonel  Crompton  to 
tell  mc  which  of  the  two  screws  are  made  on  the  mm.  screw  and  which 
on  the  other.  The  screws  are  numbered,  and  I  have  a  paper  here  on 
which  it  is  stated  where  the  various  screws  were  made.  This  is  a 
practical  answer  to  the  objection  that  English  cut  lead  screws  have 
to  be  scrapped,  if  metrical  measures  are  introduced. 

Colonel  Crompton  has  stated  that  much  extraneous  matter  has  been 
brought  into  the  discussion,  and  I  fully  agree  with  him.  The  title  of 
the  paper  was,  "  Discussion  on  the  Metrical  System,"  but  Sir  Frederick 
Bramwell  began  by  bringing  "  compulsion  "  in,  a  subject  about  which 
I  expressed  no  opinion.  I  did  not  want  to  make  any  comparisons ;  I 
simply  wanted  to  discuss  what  could  be  said  for  the  metrical  system, 
and  what  could  be  said  against  it.  The  question  of  compulsion  was 
brought  in,  because  I  quoted  what  a  Select  Committee  of  the  House  of 
Commons  had  said.  It  was  not  my  idea  :  it  has  not  been  the  idea  of 
the  advocates  of  the  metrical  system,  but  it  was  the  deliberate  opinion 
of  the  Select  Committee  of  the  House  of  Commons— or  rather  two  of 
them — that  it  would  be  to  the  advantage  of  this  country  to  introduce  the 
metrical  system. 

The  reasons  why  the  metrical  system  is  advocated,  if  you  omit  all 
those  external  things,  are  based  on  its  convenience  for  international  trade, 
and  for  everyday  use  in  calculation.  International  trade  I  mentioned  in 
my  remarks,  although  Sir  Frederick  Bramwell  thought  I  did  not.  I  said 
that  intercommunication  between  countries  has  so  very  much  increased 
during  the  last  century,  and  especially  during  the  last  part  of  the  century, 
that  it  is  very  desirable  that  a  general  international  system  of  weights 
and  measures  should  be  adopted.  That  is  an  opinion  which  has  been 
come  to  by  other  people  also,  notably  by  the  Select '  Committee  of  the 
House  of  Commons  in  1862.  They  said  that  it  would  not  be  desirable 
to  create  a  national  system,  as,  sooner  or  later.  Great  Britain  would  have 
to  join  an  international  system.  The  same  conclusion  was  arrived  at 
by  the  German  Committee  which  was  appointed  about  the  same  time. 
It  was  an  instruction  to  this  German  Committee  that  they  should  find  a 
national  system,  not  an  international  one  :  but  after  they  had  investi- 
gated the  subject  a  short  time  they  came  to  the  conclusion  that  it  was 
absolutely  necessary,  if  any  change  was  to  be  made,  that  it  should  be 
for  an  international  system,  and  tVval  W\^t^  \a^T^  or^-^  \^nq  ^iuch  systems 
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from  which  to  choose,  the  Enghsh  or  the  French  metric  system.  They 
went  into  the  subject  very  thoroughly,  and  the  result  of  their  delibera- 
tions was  that  they  adopted  the  metric  system.  If  this  Commission  had 
any  predilection  for  either  system^  it  was  in  favour  of  the  Engiishj 
because  yon  must  recollect  that  in  1862,  forty  years  ago,  everything 
Enghsh  was  considered  in  Germany  as  something  extraordinarily  good* 
and  you  could  not  give  a  greater  recommendatioo  than  that  the  article 
was  English,  so  that  the  prejudice  was  all  in  favour  of  England  and 
against  France,  But  this  Commission  appointed  from  all  parts  of 
Germany— it  was  not  united  at  that  time— agreed  that  it  would  be  better 
to  adopt  the  metrical  system.    After  all  there  is  some  weight  in  that. 

Not  only  Sir  Frederick  Bramwell,  but  other  speakers  have  mentioned 
the  Greek  and  Latin  names,  Mr,  Levin  really  answered  that  question. 
The  fact  of  the  matter  is  that  you  do  not  tise  so  many  names.  In  length  3'on 
use  the  kilometer,  metre,  and  millimetre,  and  sometimes  the  centimetre. 
You  use  the  kilogranune  and  gramme,  and  you  use  the  litre,  and  for 
everything  else  you  use  multiples  or  squares  and  cubes  of  these  units,  Wc 
should  look  at  the  experience  of  other  countries  who  have  introduced 
the  metric  system — for  instance,  Sweden,  Holland,  and  Germany — and 
have  tried  to  invent  special  names  in  order  to  avoid  these  Greek  and 
Latin  names*  In  Germany  they  made  an  additional  alteration.  They 
did  not  adopt  the  kilogramme  as  a  standard,  but  the  pound  :  that  was 
because  the  pound,  the  metrical  pound,  the  500  grammes  pound, 
had  been  introduced  long  before.  In  1R40  it  was  adopted  for  the 
Customs  Union,  and  in  i860  it  was  made  compulsory^  so  they  kept  it 
in  1870  as  the  unit  of  weight  instead  of  the  kilogramme.  Connected 
with  the  introduction  of  the  pound  there  is  a  very  interesting  point. 
Some  of  these  little  German  countries  thought  they  would  improve  on 
the  French  system  :  therefore  they  did  not  divide  the  pound  into  500 
grammes,  but  into  30  07.s,>  some  into  32  o^s.,  and  others  into  10  ozs. 
They  thought  by  that  means  they  would  introduce  a  great  improve- 
ment. But  the  general  experience  showed  that  it  was  much  better  to 
adhere  to  the  pure  decimal  system.  In  Germany  the  metrical  system 
of  weights  and  measures  was  made  compulsory  in  1872,  but  already  in 
1877  the  pound  was  given  up  as  the  unit  of  weight  and  the  special 
names  w^ere  dropped.  In  Holland  and  Sweden  hkewnse  the  special 
names  have  been  given  up,  and  the  pure  metrical  system  is  in  ^sc  in  all 
these  countries, 

I  am  afraid  I  cannot  answer  ail  the  various  speakers  in  detail,  byt 
the  great  point  which  has  been  brought  forward  against  the  metrical 
system  is  the  decimal  division,  I  think  in  this  respect  the  objectors 
have  put  the  cart  before  the  horse,  because  the  people  who  devised  the 
metrical  system  did  not  force  on  an  unwilling  world  the  decimal 
arithmetic  ;  but  they  divided  the  metre  into  decimal  parts,  and  con- 
nected the  various  units  on  a  decimal  basis,  because  decimal  arithmetic 
has  been  in  use  and  will  remain  in  use,  I  should  like  to  ask  Sir  John 
Wolfe  Barry,  who  is  such  an  expert  in  the  Enghsh  and  so-called  duo- 
decimal system,  whether  he  has  ever  had  any  serious  practice  in  the 
metrical  system,  because  he  will  find  that  the  moment  y^^  ^^"^  '^'^^ 
really  work  in  that  system  you  will  End  a^  mati^  ^VtoiV  ^\fc  \ti.  "^^ 


Mr. 
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metricaJ  system  as  there  are  in  the  English.  It  depends  entirely  upon 
what  you  are  used  to.  Personally  I  have  been  entirely  educated  in  feet 
and  inches.  I  left  Germany  before  the  metrical  system  became  com- 
pulioryj  so  that  I  must  not  be  held  up  as  a  bad  example  on  the  other 
side  :  but  in  my  opinion  it  is  certainly  more  convenient  when  yoti  have 
everything  connected  decimally  the  same  as  in  ordinary  arithmetic.  Sir 
Frederick  Bramweil  on  the  last  occasion  was  quite  wedded  to  com- 
pulsion. He  said  the  metrical  system  compelled  you  to  use  decimal 
fractions.  The  metricaJ  people^  if  they  can  avoid  it,  never  use  a  fraction 
at  all,  and  that  is  just  one  of  the  advantages  of  the  system.  If  you  have  to 
do  with  big  weights  you  talk  about  tons  or  kilogrammes  :  if  you  have  to 
do  with  smail  w^eights  you  use  grammes  :  and  if  you  have  to  use  chemical 
weights  you  use  milligrammes ;  bat  you  never  use  fractions  at  all  if  you 
can  avoid  them  :  that  is  one  of  the  advantages.  On  the  other  hand,  why 
should  you  not  use  vulgar  fractions?  Sir  Frederick  Bramwell  really 
gave  himself  away  ;  he  said,  '*  I  am  not  against  decimalti  at  all :  I  use 
decimal  fractions  w^herever  they  come  in  handy,"  That  is  the  answer. 
If  decimal  fractions  are  convenient,  I  use  them  :  if  vulgar  fractions  are 
convenient^  I  use  vulgar  fractions  ;  there  is  nothing  in  the  metrical 
system  against  the  vulgar  fraction.  Why  should  not  you  talk  about  hall 
a  kilogramme  ?  Reverting  again  to  Colonel  Crompton's  speech,  fae 
ridiculed  the  German  screw  gauge  which  had  y'^ths  of  a  millimetre.  I 
am  sorry  I  have  not  the  British  Association  screw  threads  here  which 
Colonel  Crompton  recommended.  There  every  one  of  the  sizes  has 
two  decimals  of  a  miUi metre. 

Colonel  Crompton  :  That  is  why  I   am  condemning  the  milli- 
metre. 

Mr,  Alexander  Siemens  :  But  in  the  inch  scale  you  have  given  four 
decimals,  I  certainly  do  not  believe  that  the  penod  of  transition  would 
be  so  difficult  or  cause  so  much  commotion  as  some  people  think.  Bq] 
one  of  the  difficult  points^  no  doubt,  is  the  screw  thread.  All  this  ta 
with  regard  to  Germany  and  other  metrical  countries  using  the  Whit- 
worth  thread  sounds  convincing,  but  as  a  matter  of  fact  there  are  no  end 
of  threads  in  Germany,  and  there  are  no  end  of  threads  here  in  this 
country.  What  has  been  the  conclusion  arrived  at  by  the  several  Com- 
mittees on  scrcvt'Sj  not  only  the  Committee  of  which  Sir  Frederick 
Bramw^cll  and  Mr,  Crompton  were  members,  the  British  Association 
Committee,  but  the  War  Office  Committee^  the  International  Conimittc*^, 
the  German  Engineers  Committee^  and  other  committees  in  various 
parts  of  the  world  :  what  has  been  the  result  of  their  deliberations  ? 
The  result  of  their  deliberations  was,  that  it  was  practically  impossible 
to  make  screws  fit  which  had  been  manufactured  by  two  different 
manufacturers  unless  standard  screws  and  standard  cutters  were 
deposited  in  some  place  where  everybody  could  go  and  compare  his 
screivs  with  them.  At  the  present  time  the  War  Office  is  putting  up  a 
standard  screw  machine  at  Bushy  Park  in  the  National  Physical 
Laboratory^  where  all  screws  which  are  to  be  eventually  supplied  to  the 
War  Office  are  to  be  standardised,  where  people  can  obtain  leading 
screws  so  that  they  can  make  War  Office  screws.  Therefore  the  exact 
sizG  of  the  pitch  of  the  thread,  whether  \ii  mctucaJLTOsas.^^  ot  tiot,  does 


.lU 

it-^ 
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I  not  matter,  because  eventually  it  comes  back  to  tlie  gauges  and  tem- 
plates and  standard  taps.  The  screw  difficulty,  although  it  looks  very 
formidable,  is  therefore  reaJly  nothing  much. 

I  I  have  one  more  thing  to  say  about  the  subdivisions.  It  is  always 
best  to  try  and  ascertain  the  opinion  of  outside  people.  You  will  find 
that  the  Commissioners  for  the  standards  of  weight  and  measure 
appointed  in  1841  strongly  recommend  the  decimal  division  of  the 
pound.  I  will  read  you  a  letter  presently  which  has  reference  to  that. 
Then  there  is  an  Institution  called  tht  Liverpool  Cotton  Association. 
They  have  been  selling  cotton,  1  suppose,  ever  since  it  was  imported, 
and  used,  by  the  point.  A  point  used  to  be  j^\  of  a  id.  Every  now 
and  then  they  quoted  even  by  half  a  point,  but  after  using  this  binary 
subdivision  for  all  these  years  they  have  come  to  the  conclusion  that 
this  binary  subdivision,  which  has  been  praised  so  much,  is  not 
sufficiently  convenient,  and  from  the  ist  of  October^  1902,  they  have 
begun  to  make  their  quotations  in  you  of  ^  id.  They  have  gone  over 
to  the  decimal  from  the  binary,  because  they  did  not  find  it  convenient* 
In  conclusion  I  will  read  you  a  letter  which  I  received  about  weights 

f  and  measures  in  a  little  village  in  Cumberland  : — 


Mr, 

Sleme; 


"  CUMBRRLAND,  funuary  2olh, 
"NOTES  ON   METRIC  SYSTEM. 
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^H       "(i)  We  are  told  that  for  years  after  the  adoption  of  the  metric 

^^ system  everybody  would  be  continually  doing  mental  conversions. 
But  they  are  continually  doing  them  now.  Lately  I  told  a  man  the 
depth  of  a  shaft  in  feet,  and  he  had  to  turn  it  laboriously  into  fathoms 
before  he  could  understand  it. 

**  (2)  Another  man  put  a  cistern  in  his  upper  storey,  and,  wanting  to 
know  if  his  beams  %vould  bear  the  weight,  asked  me  the  weight  of  a 
cubic  inch  of  w^ater-  He  expected  an  hour's  calculation,  but  by  turning 
his  inch  measurements  roughly  into  metres,  or  rather  decimetres,  I 

^^  solved  it  in  twenty  seconds  in  my  head. 

^H       *'  (3)  I  believe  Sir  F.  Bramwell  maintains  that  columns  of  tons,  cwts., 

^Pqrs.,  and  lbs.  are  easier  to  add  up  than  tonnes  and  kilograms,  I  am 
clerk  to  a  mining  company  whose  head  office  is  in  Liege,  and  have 
abundant  experience  of  both  kinds  of  sum.  I  think  one  page  of  cwt,, 
qrs*,  lbs.,  about  equivalent  to  three  of  kilos.  When  it  comes  to  calcu- 
lating the  amotsnt  of  zinc  in  them  from  a  given  percentage,  the  British 
system  becomes  practically  impossible. 

"  (4)  ^^  ^^^  ^^^^  ^^^^  *^^^  pound  avoirdupois  is  essential  to  British 
comfort.  Here  in  the  highest  village  in  England  the  pound  is  little 
used.  Apples  and  many  other  things  are  priced  at  (for  example} 
*  8d.  a  quarter,'  meaning  quarter-stone.  The  stone  here  was  r6  pounds 
a  century  ago,  now  it  is  14 ;  but  I  have  often  seen  small  shop- 
keepers use  a  four-pound  weight  for  a  '  qiiarter-stone.'  Evidently 
people  who  will  sell  you  four  pounds  for  a  quarter  the  price  of  fourteen 
are  not  likely  to  be  much  troubled  by  the  difference  between  two 
pounds  and  a  kilogram.     Evidently  also  they  find  it  convenient  to  use 

^_a  larger  unit  than  a  pound,  and   would   therefore  probably  like  the 

^Kcilogram. 

^B  "(5)  Tea,  coffee,  etc.,  are  priced  by  the  pound,  but  are  always  put 
up  in  quarter-pound  packets*  This  shows  that  the  hectogram  would  be. 
a  convenient  unit. 

I*'  (6)  In  our  laboratory  is  a  set  of  weights  markt^d  m  '  m^t*^'m.^' 
Vol.  82,  22 
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r.  When  I  came  here  no  one  knew  what  they  were,  but  I  found  a '  septem ' 

Linens.         ^^j,  J  grains,  Ycxfrs  of  an  avoirdupois  pound.    This  shows  that  attempts 
to  decimalise  the  British  measures  fail. 

"(7)  Lead  ore  here  is  measured  by  the  *bing'  of  8  cwt.  Zinc 
blende,  obtained  at  the  same  time  from  the  same  mines,  is  weighed  in 
tons.  The  rough  '  bouse '  from  which  both  are  extracted  is  measured 
in  *  shifts ' ;  a  shift  is  supposed  to  be  4  tons.  Miners  are  paid  by  the 
*  cubic  fathom '  of  6  x  6  x  4  feet.  The  present  mining  company, 
despairing  of  ever  putting  this  chaos  straight,  is  gradually  replacing  all 
these  measures  by  kilograms  and  cubic  metres. 

"  (8)  A  gill  in  the  schoolbooks  is  J  pint ;  in  trade  here  it  is  i  pint. 

"  (9)  When  we  buy  timber  it  is  invoiced  thus  :  '  i  st.  i  qr.  16  deals 
4/6  at  ;£i6  a  standard.'  A  'standard'  is  120  'standard  deals,'  each  of 
which  is  72  X  1 1  X  3  inches  in  England  and  144  x  9  X  3  in  Ireland, 
The  '  standard  '  is  divided  into  4  quarters,  each  of  30  '  standard  deals.' 
This  bewildering  system  (which  is  not  to  be  found  in  Whitaker's 
Almanack  nor  any  other  book  of  reference  within  my  reach)  is  confined 
to  the  wholesale  trade  ;  smaller  dealers  sell  by  comparatively  intelligible 
units  of  100  square  feet. 

"  (10)  The  mugs  distributed  to  the  children  at  the  Coronation  were 
just  J  litre. 

"  (11)  A  Swedish  lady  here  ordered  a  dress  from  the  village  dress- 
maker and  gave  the  measurements  in  centimetres.  The  dressmaker 
begged  a  metre-tape  from  me  and  made  the  dress  without  the  least 
difficulty." 

I  think  that  shows  how  difficult  it  is  to  learn  the  metrical  system. 

he  The  President  :  I  will  now  ask  the  meeting  to  pass  a  cordial  vote 

tesi  ent.       ^£  thanks  to  Mr.  Siemens  and  Sir  F.  Bramwell  for  their  contribution  to 
the  discussion. 

The  President  announced  that  the  scrutineers  reported  the  follow- 
ing candidates  to  have  been  duly  elected,  viz.  : — 

Members. 
Clement  Johnson  Barley.  |        •  Prof.  W.  C.  Unwin,  F.R.S. 

Associate  Members. 


Robert  Alexander    Raveau 

Bolton. 
Claude  Greener  Cadman. 
Geo.  Henry  Clapham. 


Frank  Edmondson. 
Geo.  Emerton  Higginbotham. 
Charles  James  Jewell. 
Reginald  Keble  Morcom. 


Alfred    Lawrence    Eugene       I       Ernest  Probert. 

Drummond.  |       Charles  Edward  Squire. 

Walter  Noble  Twelvetrees. 


Associates. 


George  Edward  Anness. 
Alfred  Anthony  Blythen. 
James  C.  Cunningham. 
Lewis  William  Dixon. 


John  Godfrey  Y.  D.  Morgan. 
Edward  Phillips. 
James  Arthur  Sykes. 
Robert  Alexander  Ure. 


Samuel  Slack  Foster.  \     ^^sXmvXvaxv \.  \..  Weston. 
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Students. 


Frederick  Creedy. 
Erich  Egon  Edmund  Dorn[iann. 
Frank  Donald  Howard. 
Harold  Carnegie  Jenkins. 
Arthur  Henry  Knight. 
Archibald  Charles  Lock. 
Herbert  Richard  Marr. 
Douglas  William  Munton. 
Chas.  Wm.  George  Nelson. 
John  A.  G.  Ogilvie. 
Frederick  Handley  Page. 


Enrico  Arthur  Pinto. 
Frank  Bennett  Preston. 
Carl  Hubert  Sanders. 
John  Henry  Charles  Searle. 
Claude  Theodore  Sielis. 
Frederick  Swarbrick. 
Richard  Henry  Turrall. 
Leslie  Wainwright. 
Herbert  Wilson. 
Wm.  Francis  Wolfe. 
Ernest  Benjamin  Woollan. 


TRANSFERS. 


[Jan.  8th, 


The  Three  Hundred  and  Eighty-fifth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  Great  Geofge  Street,  Westminster, 
on  Thursday  evening,  January  8th,  1903 — Mr.  James 
Swinburne,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  December 
1 8th,  1902,  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  the  Institution  were 
announced,  and  it  was  ordered  that  these  names  should  be  suspended 
in  the  Library. 

The  following  transfers  were  announced  as  having  been  approved  by 
the  Council  — 

From  the  class  of  Associate  Members  to  that  of  Members — 
Arthur  Thomas  Cooper.  I  Joseph  Robert  Woodruffe  Gardam. 

Forrester  Ferguson  Ferguson.         I  Norman  Rheam. 
Walter  Adolph  Vignoles. 

From  the  class  of  Associates  to  that  of  Members — 

Major  Walter  Arthur  John  O'Meara,  R.E. 
Lionel  Hugh  Kenmure  Stotherd. 

From  the  class  of  Associates  to  that  of  Associate  Members — 


E.  E.  Benham. 

Jas.  Brown. 

John  Brown. 

Thos.  Carter. 

Alfred  Charles  Cossor. 

Arthur  W.  Cox. 

Ernest  Holmes  Llewelyn  Dickson. 

Fourd  Ely. 

Cecil  Chas.  Fowler.  • 

Reginald  Wilson  Gauntlett. 

John  Owen  Girdlestone. 

Edmund  Goolding. 

John  Gray 

Henry  Human 

Edward  Henry  Johnson. 


Chas.  Keeble. 
T.  Kerr-Jones. 
Lionel  Jas.  Langridge. 
Robert  Andrew  Miles. 
Edwin  Morgan. 
Hugh  Bernard  Player. 
Oliver  Archer  Richardson. 
C.  W.  Schaefer. 
Francis  Sydney  Shaw. 
Eustace  Graham  Sheppard. 
Sidney  Arthur  Simon. 
Chas.  Wm.  Spiers. 
Leonard  Geo.  Tate. 
Wm.  John  Thorrowgood. 
Max.  Jas.  Eccles  Tilney. 


John  Frederick  Wakelin. 
From  the  class  of  Students  to  that  of  Associates — 
Arthur  Buckney.  Henry  F.  Jay. 

Jas.  John  Chapman.  Frank  Clement  Knowles. 

Harold  Frodsham.  Edmund  Lewis  Robinson. 

Geo.  Hicks.  R.  E.  S.  Turnbull. 

Messrs,  F.  C.  Hounsfield  and  L»  L.  Robinson  were  appointed  sc-^*^^ 
neers  of  the  ballot  for  tbe  election  ol  tve.-^  tv\fexs:^i^\^. 
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Donations  to  the  Library  were  announced  as  having  been  received 
since  the  last  meeting  from  Messrs,  Macmillan  &  Co.  and  Prof. 
S.  P.  Thompson;  to  the  EHitding  Fund  from  Messrs.  E,  Coates,  P.  F, 
Crinks,  H.  W.  W.  Dix,  W.  DuddeH,  J,  H.  Edwards,  W.  Golledge, 
T,  F.  Griggs,  a  W.  Hacking,  R.  Hammond,  Prof.  A.  Hay,  A.  P. 
Hutchinson,  Captain  Jackson,  H.  W.  Miller,  H.  B.  MitcheH,  G.  Offor, 
A,  R  Patey,  W.  M.  Rolph,  J.  H-  Rosenthal,  A.  Rutherford,  W.  H, 
She p hard,  J.  M,  Smyth,  M.  Solomon,  A,  Stroh,  A.  A.  C,  Swinton, 
^L.  a  B.  Trimncll,  A.  S,  Wilson,  H.  W.  Young;  and  to  the  Benevolent 
Fund  from  Mrs.  Ayrton,  Messrs.  C.  P.  Cobb,  G.  J.  Gibbs,  T,  F.  Griggs, 
S.  H.  Holden,  Sir  David  Salomons,  W.  C.  Smith,  A.  Stroh,  W.  C.  P, 
Tapper,  J.  Woodside,  and  the  Incorporated  Municipal  Electrical 
Association,  to  whom  the  thanks  of  the  meeting  were  duly  accorded. 


NOTES   OF   RECENT   ELECTRICAL   DESIGN. 
By  W.  B.  EssoN,  MJnstC.E.,  Member, 


L 

■  In  the  course  of  their  visits  to  the  Continent,  members 
^  of  the  Institution  had  ample  opportunity  of  studying  the 

construction  of  electrical  machinery  as  illustrated  by  the 
H  practice  of  Europe  and  America.  Work  representative  of 
^       the  best  that  has  been  done  was  everywhere  open  to  the 

inspection   of  the   tourists,  and  every  facility   was   placed 

P. at  their  disposal  for  comparison  of  different  designs. 
In  the  course  of  this  paper  I  shall  have  occasion  to  refer 
frequently  to  what  was  seen,  and  io  this  respect  the  Notes 
may    to   some   extent    supplement    the   excellent    reports 

I  already  furnished  to  the  Council   by   the  various  German 
Visit  Committees. 


Introduction  and  Review, 


By  way  of  introduction  I  must  take  you  back  to  the 
Electrical  Exhibition  held  in  Frankfort  eleven  years  ago.  At 
that  superb  show,  in  1891,  was  to  tie  seen  the  best  that 
the  Continent  had  done  in  construction  up  to  that  date,  and 
it  will  be  recollected  that  there  was  manifested  considerable 
diversity  in  the  type  and  form  of  machines. 

Beginning  with  continuous  current,  there  were  in  addition 
to  the  multipolar  dynamos  with  slotted  drums,  the  wheel- 
armature  machines  of  Fritsche,  the  flat-ring  machines  of 
Schuckert,  and  several  interior  pole  ring- wound  machines 
by  different  makers,  of  which  the  largest  and  most  rLol-afoV^ 
was  the  one  shown  by  Messrs.  Siemeivs  Sl  W^X-^^^,  tm^tCvcv*^ 
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at  80  revolutions  per   minute,  to  give   300   kilowatts.     Of 
these,  all    have   disappeared   with    the    exception    of    the 
muitipolar  machines  with  radial  magnets  and  slotted  drum 
armatures.  This  is  the  only  surviving  type  on  the  ContInent|j 
and  it  is  now  the  prev^ailing  type  with  us* 

Ten  years  ago  it  looked  as  if  in  Germany  the  interior 
pole  machine  was  to  become  a  permanent  type,  since 
several  manufacturers  had  taken  it  up,  but  it  has  gone  with 
the  others  referred  to.  Though  such  machines  have  done 
and  are  doing  their  work  in  a  very  satisfactory  manner,  the 
design  has  faults  both  electrical  and  mechanical  which  are 
absent  from  the  design  which  has  replaced  it.  Accordingly, 
as  a  standard  type,  it  has  ceased  to  exist,  and  there  are  noWj 
made,  only  the  occasional  machines  asked  for  by  customers 
who  wish  their  new  plant  to  be  uniform  with  what  had 
been  previously  supplied. 

In  this  country  at  the  date  of  the  Frankfort  Exhibitior 
the  drum  armature  was  rapidly  supplanting  the  ring  armature 
for  all  siises  of  machines.     The  single  magnet  type  of  field 
was  in  general  use  by  all  makers,  though  some  of  the  more 
important  firms  had  been  coquetting  with  multipolar  designs. 
A  paper  of  mine  read  before  this  Institution  in  1890  calling^ 
attention  to  the  advantages  to  be  derived  from  multipob 
fields  elicited  from  some  quarters  a  vigorous  defence  of  the" 
2-pole.     Slotted  armatures  had  not  come  in,  or;  rather,  they 
had  come  in  and  gone  out  again^  because  too  costly  at  that 
date  with  hand  coiling  for  bipolar  fields.     With  the  advent 
of  multipolar  machines  came  former  wound  coils  and  shaped- 
bars,  and  the  slotted  armature  once  more  made  its  appear-^ 
ance,  this  time  to  stay. 

What  has  happened  during  the  past  ten  years,  then, 
regards  continuous-current  generators  is  this  :  all  lines 
design  on  the  Contirient,  in  America,  and  in  Britain  have" 
converged  towards  one  form,  which  is  likely  to  be  per- 
manent. There  is  practically  but  one  type  and  one  form 
of  that  type,  differing  merely  in  its  proportions  and  con- 
structional details;  this  form  is  to  be  seen  in  every  new 
generating  station — a  multipolar  machine  with  its  magnets 
disposed  radially  and  provided  with  a  drum  armature  slotted 
on  its  exterior  for  the  conductors. 

0/  alternators  there  were  but  few  at  Frankfort,  the  most*^ 
worthy  of  note  being  the  twQ  xuacVvn^^  ^7Mti\l^d  by  thej 
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Helios  Company  and  Messrs.  Siemens  &  Halske  respectively- 
The  former  gave  400  kilowatts  at  125  revolutions  per  minute^ 
and  the  latter  330  kilowatts  at  100  revolutions,  both  machines 
being  tlierefore  of  about  thii  same  sisce*  Each  had  a  stationary 
j  armature  and  a  rotating  field  of  radial  magnetic  mounted  on 
the  engine  fly-wheeh    The  armatures  of  both  were  of  the 
[pole  type — that  is  to  say^  their  iron  cores  had  distinct  interior 
projections  corresponding  to  the  number  of  the  field-poles. 
The  Helios  machine  was  a  modification  of  the  well-known 
Ganz  alternator  described  here  by  Professor  Forbes  in  1889. 
^The  Siemens  &  Halske  armature  was  practically   a  large- 
*si2ed    Gramme   ring  with   projections   between   the   coils. 
Taken  as  a  whole,  the  Exhibition  was  rather  poor  in  alter- 
nators.   There  were  few  polyphase  machines,  while  in  the 
Paris  Exhibition  of  1900  there  was  little  else. 

At  the  same   date   there   was    over  here   considerable 

variety   in  alternators.     There   were   the  machines   which 

had  copper  tape  armatures   without  iron,  some  of  these 

having  stationary  and  some   rotating   fields.     Then   there 

were  machines  having  fiat  coils  laid  on  the  surface  of  the 

armature  core,  these,  again,  being  divided  into  those  with 

fixed  and  those  with  moving  fields.     There  were  iron -co  red 

[armatures  with  polar  projections  and  without,  also  armatures 

{woand   like  Gramme  rings.     In  some  machines  the  fields 

I  were  excited  by  a  single  coil,  and  in  others  by  multiple  coils, 

I  while  last  of  all  we  had  the  inductor  alternator  of  the  late 

'  Mr.  Kingdon,  where  the  field  and  armature  systems  were 

fixed  and  the  path  of  the  magnetic  induction  was  determined 

solely  by  the  movement  of  blocks  of  laminated  iron  attached 

to  a  rotating  central  wheeL 

The  alternators  on  the  Continent  and  in  England  were 
I  iQ  1891  on  their  probation,  so  to  speak,  and  ten  years  have 
doQe  much  towards  reducing  the  number  of  types.  The 
copper  tape  armature  is  no  more,  that  is  in  the  manufac- 
turing sense.  Probably  a"  few  such  machines  are  made 
*or  the  sake  of  uniformity  in  the  extensions  to  existing 
stations^  but  no  engineer  would  think  of  introducing  for 
new  works  machines  of  the  coreless  type.  The  drift  of 
Practice  has  been  towards  making  the  alternator  in  all 
^^spects  satisfactory  from  an  engineering  point  of  view.  It 
I  ^yst  be,  first  and  foremost,  a  machhie^  and  a  machine  that 
wilt  run  contin W0USJ7  without  giving  trouble,    TUe^te:  vs\-vo 
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doubt  lliat  iron-cored  alternators  can  be  constructed  more 
in  accordance  with  the  principles  of  sound  engineering  than 
can  those  liavinj*  armatures  without  iron,  in  which  the  coils, 
lonj»  and   tliin,  are  supported   in  a   not  very  mechanical 
manner  at  one  end  only.     Engineers  have  come  to  regard 
such  machines  as  unsuitable  for  prolonged  hard  work,  and 
especially  is  this  the  case  when  the  armature  is  stationary. 
Under    the    latter    condition,    soundness    in    mechanical 
construction  is  very  difficult  of  attainment.     The  fact  is 
that  the  insulating  materials,  micanite,  fibre,  stabilit,  ebonite, 
slate,  etc.,  upon  the  strength  of  which  the  durability  of  such 
machines   depends,   are  quite  unfit  to  endure  stress  or  to 
transmit  power.     In  up-to-date  alternators  there  is  no  force 
transmitted  through  the  armature  conductors,  nor  is  there 
any  mechanical  stress  to  speak  of  on  the  insulating  materials. 
It  used  to  he  thought  that  coreless  armatures  had  no  self- 
induction,  while  cored  armatures  possessed  this  particular 
characteristic   in   great   degree.     The   idea   was   based  on 
erroneous  conceptions  of  the  magnetic  circuit  and  armature 
reactions.      Now   we    know    that    essentially  there  is  no 
electrical  difference  between  machines  with  iron  cores  and 
those  without,  and  that  with  proper  designing  there  is  no 
difference  with  respect  to  armature  reactions.     But,  it  may 
he  remarked,  the  coreless  machine  was  wholly  unfitted  for 
polyphase  work. 

Of  the  cored  class,  armatures  with  well-defined  poles, 
such  as  were  used  by  Ganz  and  others,  have  disappeared. 
Perhaps  no  firm  has  done  more  or  better  work  than  the 
Budii-Pesth  firm,  and  up  to  1896  their  alternators  did  not 
sensibly  differ  in  design  from  the  machines  they  installed 
at  Konie  in  1885.  But  at  the  Paris  Exhibition  this  desigi^ 
was  missing,  and  really  it  was  not  before  time.  In  the 
machines  referred  to,  the  resistance  of  the  magnetic  circuits 
varied  <^reatly  for  different  positions  of  the  magnets  relatively 
to  the  armature  coils.  When  tlie  poles  were  in  line  with 
the  coils  the  air-^ap  was  comparatively  small,  and  the 
induction  path  was  mostly  through  iron.  When  the  poles 
occupied  a  position  midway  between  the  coils,  howeveO 
the  magnetic  resistance  was  comparatively  high,  and  the 
inductive  path  was  largely  through  air.  The  result  was 
loss  of  power  in  field  hysteresis  and  a  great  amou^^* 
of   noise,    while    the    ftv\x   Wvyow^\   \\\^  Tcsa.'g^ve.ts  varied 
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between  maximum  and  minimum,  with  a  frequency  equal 

P  twice  that  of  the  machinep  and  in  the  exciting  circuit 

listurbing  E.M.F/s  of  the  same  frequency  were  set  up,  due 

jp  the  flux  changes.     By  the  thorough  lamination  of  every 

■art  of  the  magnets  as  well  as  of  the  armature  it  would 

appear,  however,  that  this  variation  in  the  held  fiux  did  but 

tttle  harm,  since  the  alternator  in  its  day  had  an  efficiency 

probably  second  to  none  of  the  Continental  machines, 

k     After  the  Frankfort  Exhibition,  Herr  Coerper,   of  the 

Helios  Company,  modified  the  Ganz  machine  by  providing 

Ihe  radial  inw^ardly  projecting  cores  of  the  armature  with 

^extensions,  thus  spreading  the  iron  out  in  front  of  the  coils, 

so  that  when  the  sectors,  of  which  the  core  was  made  up, 

were  all  in  place  the  surface  presented  to  the  field  magnets 

was  interrupted  only  by  narrow  spaces.     It  will  be  seen  that 

ithiswas  a  considerable  improvement  on  the  Ganz  machine 

fin  the  sense  that  the  hysteresis    loss  in  the  magnets  was 

reduced  ;  the  exciting  flux  was  not  subject  to  such  large 

variation  J  and  the  exciting   current  was   in    consequence 

comparatively  steady. 

in  the  beginning  of  1894  Mn  Kapp  patented  a  modifi- 
cation of  the  Coerper  machine,  the  improvement  consisting 
in  increasing  the  mass  of  the  iron  in  the  core  sectors  and 
enlarging  the  area  of  the  joints  between  the  sectors,  thus 
ttiaking  the  core   less  discontinuous    and    reducing  to   a 
minimum  the  spaces  left  in  the  core  for  the  accommodation 
of  the  coils.     In  all  these  machines  the  number  of  armature 
sectors  was  equal    to  the  number  of  field-poles,  the  arma- 
ture coils  enveloping  the  separate  sectors,  and  in  Coerper 
■^d  Kapp's    machines   being  sunk    into    grooves    ni    the 
sides.     But  it  will  be  obvious  that  in  all,  the  magnetic  flux 
varied,  with  ^the  relative  position  of  the  poles,   though   in 
the  last-named  machine  to  a  very  much  less  extent  than  in 
the  first-     When  the  field*poles  were  opposite  the  armature 
^oils,  the  path  of  the  induction  from  pole  to  pole  included  a 
joint  between  a  couple  of  sectors,  while  on  the  other  hand 
when  the  poles  were  hi  an  intermediate  position  no  joint  was 
included.     There  was,  therefore,  though  it  might  be  small,  a 
distinct  difference  in  the  reluctance  of  the  magnetic  path 
for  different  positions,  and  the  variation  of  tlie  magnetic  flux 
wUt  to  this  must  have  set  up  to  some  extent  wastetuV  ^uxa^v'Cvc. 
currents  in  the  mass  of  tlie   field   magnets*     T\\e  ^u^'^ix 
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endeavoured  to  get  rid  of  the  imperfection  above  referred 
to  by  reducing  the  number  of  sectors  and  armature  coils 
to  one-half  the  number  of  field-poles.  In  his  1895  design 
each  coil  was  embedded  in  the  centre  of  a  sector,  being 
wound  through  two  holes,  and  no  part  of  the  coil  being 
near  the  joints  the  core  sectors  could  be  butted  together,  thus 
securing  what  was  practically  magnetic  continuity  for  the  core. 
With  half  the  number  of  joints,  even  if  they  were  imperfect, 
there  was  little  danger  of  their  producing  a  variation  of  flux 
through  the  hiagnets,  since,  whatever  the  position  of  the 
poles  relatively  to  the  armature  coils,  there  was  always  a 
clear  path  through  jointless  iron  for  all  the  lines  from  pole 
to  pole.  This  being  so,  hysteresis  loss  was  avoided  and 
lamination  of  the  poles  throughout  rendered  unnecessary. 
Many  of  these  machines  are  at  work,  but  they  are  not  made 
now.  The  sector  form  of  armature  is  costly  to  construct, 
and  it  offers  no  advantages  to  speak  of,  while  it  is  ill-fitted 
for  polyphase  work. 

These  several  designs  illustrate  well  the  evolution  of  the 
alternator  in  recent  times.  At  first  the  armature  had  well- 
defined  poles,  and  there  was  great  magnetic  discontinuity 
in  the  built-up  core.  The  poles  were  then  spread  out  at 
their  extremities  until  they  presented  a  nearly  unbroken 
surface  to  the  magnets,  and  there  was  in  consequence  some 
approach  to  continuity.  Then  the  armature  was  filled  up 
with  iron,  only  such  space  being  left  as  was  required  for 
the  conductors.  Finally  the  sectors  were  reduced  to  half  the 
number  of  poles,  in  order  to  get  what  was  equivalent,  so  far  as 
magnetic  flux  was  concerned,  to  perfect  continuity.  From 
this  to  the  modern  form  of  machine,  with  its  armature 
core  built  up  solid  and  constructed  of  interleaved  segments 
pierced  with  holes,  is  but  one  step  further  in  the  evolution. 

The  field  magnet  introduced  by  Mr.  C.  E.  L.  Brown, 
excited  by  a  single  coil,  is  a  thing  of  the  past,  the  inherent 
defects  of  this  type  having  forced  it  into  disuse.  This 
design  undoubtedly  showed  a  considerable  saving  in  the 
copper  required  for  the  fields,  with  corresponding  economy 
in  the  energy  required  for  excitement,  but  the  disadvan- 
tageous disposition  of  the  field-coil  and  excessive  drop  in 
volts  from  no-load  to  full-load,  when  working  on  a  circuit 
even  moderately  inductive,  rendered  machines  with  such 
jHelds     unsatisfactory,    especVaWy    iot    \i^.^'=»mv$s.\^^    work. 
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Added  to  this  there  was,  owing  to  the  magnitude  of  the 
stray  field,  difficuhy  in  predetermining  the  path  of  the  useful 
flux  with  accuracy,  and  predictions  of  the  output  could  not 
be  made  with  certainity. 

In  another  form  of  field  excited  by  a  single  coil,  the 
poles  projecting  from  the  central  core  instead  of  being  bent 
over  to  present  a  series  of  north  and  south  faces  lying  in 
one  circle  were  cut  offj  so  that  they  formed  a  crown  of  north 
poles  on  one  side  and  south  poles  on  the  other,  the  arma- 
ture core  being  divided  into  two  parts  to  correspond.  This 
design  allows  of  the  field-coil  being  stationary,  and  to 
nnachines  so  constructed  was  given— not  with  much  reason 
sometimes-^the  name  *^  inductor-alternator/'  This  type  of 
generator  attracted  considerable  attention  on  the  Continent 
some  five  or  six  years  ago,  and  much  w^as  hoped  from  it, 
Herr  Dolivo-Dobrowolsky,  the  chief  engineer  of  the 
AUgemeine  Company,  took  it  up  with  zeal  in  the  belief  that 
it  would  come  to  the  front  and  stay  there  ;  but,  alas  1  it  has 
gone  with  many  others.  At  the  Paris  Exhibition  there  were 
only  one  or  two  such  designs,  and  when  the  members 
visited  Germany  none  were  in  hand.  The  machines  which 
were  put  into  use  some  time  ago  are,  of  course,  running  and 
doing  good  work,  but  as  a  standard  the  type  has  ceased  to 
exist.  The  fact  is  that  the  total  weight  of  material  in  these 
designs  much  exceeds  the  weight  in  those  with  multiple 
field  coils,  so  Ihat  there  is  no  real  economy  in  construc- 
tion. The  necessarily  small  air-gap  which  had  to  be 
employed  is  unfavourable  to  the  production  of  a  purely 
sinuous  E»M-F.  curve,  while  they  have  been  found  un- 
suited  for  power  work  because  of  the  disadvantageous 
position  of  the  exciting  coil,  already  referred  to,  and  the 
induction  of  opposing  E.M.F/s  in  portions  of  the  armature 
winding*  The  shaft  and  engine  parts  of  such  alternators  are 
magnetised,  which  is  another  disadvantage,  but,  to  crow^n 
all,  the  machine^  so  far  as  its  field  is  concerned,  is  illustrative 
of  the  foolishness  of  putting  all  one's  eggs  into  one  basket. 
It  is  all  very  well  for  small  machines,  but  the  work  involved 
in  repairing  a  large  alternator  of  this  type,  should  a  field- 
coil  happen  at  any  time  to  become  hors  de  combat^  can  only 
Lbe  contemplated  with  positive  dismay.  In  all  designs  the 
primary  object  should  be  to  secure  immuuitY  ^\Qtv\  X^t^-ai^.- 
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any  time  a  breakdown  occur  the  repair  should  be  effected 
with  the  greatest  facility. 

ft  comes  to  this,  then,  as  regards  alternators,  that  taking 
ail  the  divergent  tj^pes  which  were  the  vogue,  the  lines  of 
evolution  proceeding  from  each  as  an  origin  have  been, 
during  the  past  decade,  convergent  towards  one  type.  This 
t>^pe,  which  is  common  to  America,  the  Continent,  and  this 
country,  is  a  machine  with  rotating  radial  magnets  energised 
by  multiple  coils,  having  a  cored  armature  with  a  cylindrical 
surface  presented  to  the  fields^  and  the  winding  lying  in 
holes  or  slots  beloWp  but  close  to,  the  surface  of  the  iron. 
Of  other  types  there  are  a  few,  and  there  will  always  be 
special  designs  to  suit  particular  circumstances,  but  the 
above  is  the  standard  and,  there  is  reason  to  believe,  the 
permanent  type.  There  are  in  use  two  forms  of  it,  one 
with  the  armature  encircling  the  poles,  and  one  with  the 
poles  encircling  the  armature,  but  machines  of  the  former 
class  are  greatly  in  the  majority- 


Conditions  Affecting  Design, 

Though  general  agreement  has  been  reached  as  to  the 
type  and  form  of  generators,  agreement  with  respect 
to  proportions  or  details  of  construction  has  not  yet 
been  arrived  at  This  is  due  largely  to  the  variety  of 
conditions  which  designs  have  to  fulfil,  while  every 
machine,  of  course,  is  stamped  more  or  less  conspicu- 
ously with  the  originality  of  the  designer,  representing, 
as  it  must,  the  results  of  his  study  and  investigation. 
On  the  Continent  they  have  gone  in  solid  for  low 
speeds,  and  there  machines  are  invariably  driven  by 
vertical  engines  of  the  marine  type  or  by  horizontal 
engines,  such  as  are  made  by  Weyher  and  Richemond  or 
Sulzer,  The  difference  in  the  speed  of  engines  of  similar 
size  made  by  different  makers  is  inconsiderable,  while  the 
difference  in  speed  between  the  smallest  central  station 
engine  and  the  largest  is  not  great,  A  500  H.P.  engine,  for 
instance,  will  run  at  120  revolutions  per  minute,  while  a 
3,000  H,P»  engine  will  run  at  83  revolutions.  In  this 
country  we  have  quite  a  different  state  of  affairs,  and  while 
the  high-speed  engine  is  at  present  in  general  use,  there  are^ 
really  all  sorts  running  at  a\\  s^veefe.    One  tve^^t  ku^w^ 
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here  what  size  of  generator  has  to  be  supplied  for  a  specified 
output,  and  to  the  multitude  and  variety  of  engines  is  to  be 
attributed,  in  large  measure^  the  little  progress  that  has  been 
made  in  the  standardisatton  of  large  machines.  So  long  as 
we  had  only  one  high-speed  engine  to  fit  we  got  on  very 
well ;  but  now  there  are  at  least  half  a  dozen,  no  two  of 
which  correspond  for  power,  in  speed.  Not  only  so,  but  we 
have  2'Crank  and  3-crank  engines  by  the  same  makers,  the 
latter,  seeing  that  each  individual  line  of  parts  is  much 
lighter,  running  at  considerably  higher  speed  than  the 
former  for  the  same  powen  And,  as  if  all  this  were  not 
enough,  we  have  Mr.  Mark  Robinson  making  observations 
of  periodic  oscillation  of  fly-wheel  systems,  which  cause  his 
firm  to  demand  that  the  armature  body  of  the  generator 
shall  always  form  an  inherent  part  of  the  engine  fly-wheel, 
thus  necessitating  extra  pattern  making.  On  the  Continent, 
so  far  as  I  can  learn,  the  designer  has  none  of  this  worry  to 
contend  with. 

Owing    to    the    general   adoption   of    low   speeds,   the 
frequency    of    continuous-current    machines     is    on     the 
Continent  lower   than  with   us*     Take,  for   instance,   the 
continuous-current  sets  running   at  the  Hanover  Central 
Station,  which   have  an  output  of  400  kilowatts*     These 
machines  are  coupled  to  vertical  engines  running  at  120 
revolutions  per  minute,  while  machines  of  the  same  output 
would  with  us  be  coupled  to  high-speed  engines  running 
at  300  revolutions  per  minute.    In  the  former  the  frequency 
is  with  ID  poleSj  ro ;  in  the  latter,  with  6  poles,  it  is  15. 
Siemens  &  Halske's  1,000  k,w.  machine  at  the  Paris  Exhibi- 
tion running  at  95  revolutions  per  minute  had  a  frequency 
of  II  ;  the  Siemens  Brothers'   1,500  k.w.  machine^  running 
at   200   revolutions,  had   a   frequency  of  26,     Lahmeyer's 
350  k.w.  machine  at  the  Paris  Exhibition  had  a  frequency 
«f  9"4,  while  the  large  1^500  H*R  machines  at  the  Berlin 
Central  Station  run  at  83  revolutions  and  have  16  poles, 
corresponding  to  a  frequency  of  11,     From  these  figures  it 
appears  that  on  the  Continent  the  usual  frequency  for  con- 
tinuous-current generators  is  from  9  to  11,  while  with  us  it 
is  fully  50  per  cent,  higher.     In  passing,  it  is  worth  while 
noting  that  in  machines  of  similar  power,  provided  the  core 
induction   is  the    same,  the   hysteresis    lo^^  l'^  ^va^^Mv^-si^^^ 
unaHected  by  frequency,  and    the  pe^ceia\.'a.%e   ol    i^oNN^t 
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wasted  in  hysteresis  is  virtually  settled  by  the  induction  in 
the  iron.  At  first  sight  this  appears  somewhat  strange,  but 
it  is  capable  of  easy  proof.  After  all  it  is  only  reason- 
able to  suppose  that  there  is  some  definite  relation  between 
the  energy  output  of  the  machine  with  which  the  mass  of 
iron  is  associated  and  the  energy  spent  in  the  magnetic 
manipulation  of  the  mass  itself. 

But  in  determining  the  output-coefficient  of  a  given  size 
of  armature,  the  question  of  speed  and  frequency  is  of 
considerable  importance.  Calling  D  the  diameter  of  the 
armature  in  inches,  L  its  length  in  inches,  and  R  the 
number  of  revolutions  per  minute,  by  output-coefficient 
is  to  be  understood  the  value  by  which  D^  L  R  has  to 
be  multiplied  to  give  the  output  of  the  machine.  The 
machines  at  Hanover  have  been  referred  to,  and  the 
armatures  of  these  may  be  taken  to  illustrate  my  meaning. 
Let  us  imagine  that  we  increase  tlie  speed  by  50  per  cent., 
making  them  run  at  180  revolutions  per  minute  instead 
of  120.  The  frequency  would  then  conform  to  English 
practice,  being  15  instead  of  10.  Temperature  is  the  factor 
which  limits  the  output,  as  the  proper  course  is  to  find  for 
any  given  size  of  armature  the  load  which  corresponds  to 
the  maximum  temperature  rise  permissible  and  then  to  rate 
it  at  that.  Well,  we  find  that  if  this  temperature  rise  is  not 
to  exceed  at  the  higher  speed  the  figure  attained  at  the 
lower,  for  a  50  per  cent,  speed  increase  the  output  cannot 
be  increased  by  more  than  from  25  to  35  per  cent.  The 
exact  figure  is  a  matter  for  experiment  and  depends 
upon  the  construction  of  the  armature.  Even  if  we  in- 
crease the  depth  of  the  core  under  the  slots  by  50  per 
cent,  and  assume  that  the  added  depth  is  effectively  on 
a  par  with  the  original  depth,  which  it  is  not,  we  shall 
still  have  an  output-coefficient  considerably  reduced  on 
the  high-speed  machine.  This  means  that  the  output-co- 
efficient of  an  armature  depends  upon  the  speed  at  which 
it  runs  and  explains  its  much  higher  value  in  some  of  the 
slow-speed  Continental  machines.  If  I  might  use  Mr. 
Mavor's  term,  the  so-called  active  belt  becomes  more  active 
as  the  speed  is  reduced.  But,  unlike  Mr.  Mavor,  I  find 
little  agreement  in  the  output-coefficient  between  the 
machines  of  different  makers.  I  have  compared  a  very 
large  number,  but  1  wiW  noV  \iou\A^  ^om  nn\\Js\  N!c^^  cqu- 
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stellation  representing  the  results,  as  it  indicates  no  law. 
While  adhering  to  the  conditions  that  the  frequency  shall  ! 
be  about  lo,  that  the  temperature  rise  after  a  six  hours'  run 
at  full  load  shall  not  exceed  40^  centigrade  and  that  there 
shall  be  no  sparking,  there  is  possible,  of  course,  great  I 
variation  as  regards  the  length  of  air-gap,  the  air-gap 
induction,  the  ampere  bars  on  the  armature  per  pole,  the 
number  of  poles,  and  so  on,  but  on  the  whole  it  is  easier 
to  design  a  satisfactory  low-speed  machine  than  a  high- 
speed one. 

Not  very  long  ago  the  late  Prof,  Shorty  in  a  paper  read 
before  the  Manchester  Section,  proposed  a  series  of  machines 
embracing  sizes  from  137  to  2,000  k,\v,,  and  all  consistent  as 
regards  efKciency,  temperature  rise  and  sparking,  and  over-      ! 
load  limits.  This  result  was  obtained  by  keeping  the  length  of 
armature  the  same  throughout  the  whole  series  and  varying 
the  diameter.   The  number  of  commutator  sections  and  con- 
ductor bars  was  to  be  proportional  to  the  diameter,  and  there 
was  the  same  current  per  conductor  path  for  all  si/.es.     The 
number  of  poles  was  proportional  to  the  diameter,  while 
the  speed  was  inversely  as  the  diameter*     The  proposition 
was  simplicity  itself,  but  our  present  ideas  respecting  engine  , 
designing  prohibit  us  from  putting  it  into  practice.     The 
engine  speeds,  for  instance,  do  not  vary  inversely  as  the 
power,  nor  does  it  appear  in  the  nature  of  things  that  they      i 
should  do  so,  though  this  is  a  condition  which  Mr.  Short's      | 
proposition   involves.      If    the  engine  of    a  machine   for      I 
1,000  k,w.  has  a  speed  of  95  revolutions  per  minute,  the 
engine  coupled  to  a  2,000  k.w.  machine  will  not  run  at  48, 
nor  will  that  coupled  to  a  3,000  k.w.  run  at  32.     The  speeds 
of  these  will  be  about  85  and  75  revolutions  respectively, 
and  the  dynamos  will  have  to  be  designed  to  suit.    As  a 
matter  of  fact,  the  speeds  given  by  Mr.  Short  are  for  the 
smaller  sizes  too  fast  and  for  the  larger  sizes  too  slow  ;  and 
much  as  we  should  like  to  do  so,  it  is  impossible,  having 
regard  to  economy  in  engine  design,  to   arrange  that  all 
the  different  sizes  of  dynamos  shall   be  multiples  of   one 
particular   unit.     The   extra  expenditure   involved   in   the 
construction  of  steam  sets  running  at  such  unnecessarily 
slow  speeds   for   the   large   sizes,  as   Mr,  Short  advises — 
53   revolutions  for  a   2,000   k.w^Aachine  —  would    more 
than  counterbalance  any  advamag^^  gi\w^i  Ixotsx  caxx^^^^'^ 
out  in  design  the  multiple  umt  idea. 
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In  alternators   the   frequency   is   fixed,  but  the  design 
is  considerably  modified   by  attachment   to   high,    instead 
of  low,  speed   engines.      Taking  a   3-phase   alternator   of 
750  k.w.,  the  field  of  this  machine  mounted  on  the  shaft 
of  a  low-speed  engine,  such  as  is  met  with  everywhere  on 
the  Continent,  would  run  at  close  on  94  revolutions  per 
minute,  and  would  measure,  say,  18  feet  across  the  pole- 
tips.     Now  a  machine  of  the  same  output  coupled  to  a 
high-speed  engine  would  probably  run  at  200  revolutions 
per  minute,  and  the  diameter  of  its  field  would  be  10  feet. 
This  gives  a  periphery  speed  of  over  6,000  feet  per  minute, 
and  though  this  has  been  exceeded,  I  must  say  I  think  it 
quite  high  enough.     Not  only  are  the  poles  now  heavier, 
but  the    tangential    inertia    per   unit  of    mass   is  greatly 
increased,  demanding  a  greater  proportion  of  the  fly-wheel 
rim  to  be  drilled  away  for  the  larger  bolts  required.     Such 
a  fly-wheel  would,  of  course,  have  to  be  made  of  steel,  the 
rim  and  arms  being  solid  and  the  boss  split  triangularly  and 
steel-hooped.     To  get  the  output,  the  width  of  the  machine 
must  be  half  as  much  again,  so  that  if  the  low-speed  alter- 
nator were  12  inches,  the  high-speed  one  would  be  18  inches, 
the  proportion  of  width  to  diameter  being  therefore  alto- 
gether different  in  the  two  designs.     If  the  core  induction 
were  in  both  machines  the  same,  in  each  the  same  quantity 
of  heat  would  be  produced,  due  to  hysteresis  loss,  the  mass 
of  soft  iron  to  magnetise  being  the  same ;  but  as  the  radiating 
surface  has  been  in  the  smaller  machine  reduced  by  some 
20  per  cent.,  it  is  obvious  that  if  the  output-coefficient  is  to 
be  maintained  at  the  same  figure  in  the  high-speed  machine 
as  in  the  low,  more  efficient  means  of  carrying  off  the  heat 
must  be  provided.     It  is  necessary  to  bear  in  mind  all  these 
facts  when  comparing  the  designs  seen  here  with  those  seen 
abroad,  and  it  does  not  do  to  conclude  that  what  is  good 
proportion  for  one  case  is  good  for  another  where  the  con- 
ditions are  quite  dissimilar. 

Continuous-current  Machines. 

Returning  to  continuous-current  generators,  there  is  not 

a  great  deal  of  difference  between  the  practice  abroad  and 

what  we  are  accustomed  to  here.    The  number  of  poles  for 

a  given  diameter  of  armature  vaiie^  m  ^vfex^xv^  ^^ivig\%^but 
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for  every  15  to  18  inches  diameter.  Rardy  do  we  find  the 
current  to  exceed  300  amperes  per  set  of  brushes,  which 
corresponds  to  150 
amperes  per  path  in 
a  parallel  wound  arma- 
ture. The  output  varies 
from  100  to  150  kiio- 

B  watts  per  pair  of  poles. 

"  Carbon  brushes  are 
now  universal,  and  a 
great  deal  of  ingenuity 
has  been  expended  on 
the  effort  to  obtain  a 
thoroughly  satisfactory 
brush -holder.  Nothing 

is  of  more  importance  in  the  design  of  a  machine  than  the 
brush   gear,  and  as  illustrating   the   many  different   forms 
devised,  perhaps  no  collection   could  surpass   that  at  the 
recent  Glasgow  Exhibition,  where  all  kinds  were  to  be  seen- 
Under  three  classes  nearly  all  the  brush-holders  in  use  can 
be  grouped,  viz.,  the 
shder    holder,     the 
hinged  holder,  and 
the  reaction  holder* 
In  the    former   the 
carbon    slides    in    a 
rectangular    slot^ 
being    pressed     di- 
rectly on  the   com- 
niu tutor  by  a  spring, 
Of  a  toe  operated  by 
the  spring  ;   in   the 
^ext,    a    carbon    is 

firttily  secured  to  a  hinged  arm  on  which  pressure  is  put 
°y  a  spring  ;  while  in  the  last  the  carbon  is  in  the  form  of  a 
^^iangular  wedge,  one  side  of  which  is  kept  up  to  the  com- 
^^Utator  by  the  force  resulting  from  a  spring  pressing  on 
^^1  other  side  and  the  reaction  of  the  brush-holder  surface, 
Against  which  rests  the  third  side  oi  the  triangle*  These 
*^^flFerent  forms  are  represented  in  the  sketches^  and  b\\  ^^^ 
^^tisfacfcorv  results,  but  0/  tJie  three  the  sVvdev  Io^to.  .^^^'WiSi 
Vol,  32.  23 
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the  most  in  favour.  Whatever  is  used,  it  is  necessary  to 
have  the  moving  parts  as  Hght  as  possible  in  order  that  the 
brush  may  promptly  respond  to  infinitesimal  irregularities 
in  the  commutator  ;  some  makers  using  the  second  class  of 
brush-holder  construct  the  hinged  arm  of  aluminium  for 
the  sake  of  lightness.  That  the  pins  or  brackets  carrying  the 
brush-holders  must  be  absolutely  rigid  goes  without  saying, 
as  well  as  the  ring  to  which  they  are  attached.  The  fixed  ring 
carrying  the  whole  of  the  gear  may  be  supported  either  by 
brackets  from  the  yokes,  or  may  be  attached  to  the  pedestal 
next  the  commutator.     One  method  is  just  as  good  as  the 

other,  but  the  former  must  be 
employed  when  the  armature 
is  fixed  in  the  middle  of  the 
crank-shaft  between  the  engine 
cylinders,  while  the  other  is 
the  more  suitable  for  machines 
of  medium  size  coupled  to 
one  end  of  the  engine  shaft. 
The  construction  in  the  latter 
case  is  somewhat  simpler  than 
when  the  bracket  supports  from 
the  yokes  are  adopted,  but 
personally  I  should  like  to  see 
the  whole  paraphernalia  of 
adjustable  ring,  screw  gear  and 
hand  wheel  swept  away,  the  brush-holders,  after  testing  the 
machine,  being  fixed  rigidly  in  one  position  to  suit  all  loads. 
The  construction  of  the  poles  and  yokes  in  the  Conti- 
nental machines  is  much  the  same  as  with  us.  In  the 
machines  of  the  Allgemeine  Company  and  Schuckert  the 
magnet  cores  are  of  solid  steel  cast  in  one  with  the  yokes. 
The  former  company  fit  on  to  each  magnet  a  pole-shoe, 
which  is  made  by  cutting  into  segments  a  steel  ring  turned 
inside  and  out,  and  this  shoe  is  fastened  to  the  magnet  by 
screws.  The  Union  Company  of  Berlin  cast  the  steel 
magnet  and  polar  extension  in  one,  and  screw  the  same  on 
to  a  yoke  of  steel  or  cast-iron  as  the  case  may  be.  The 
eternal  question  of  steel  deliveries  is  as  pressing  on  the 
Continent  as  with  us,  and  at  the  time  of  the  Institution 
visit  the  Allgemeine  Company  was  settling  il  by  adopting 
cast-iron  for  their  yokes VusVe^d  ol '^V^^\,'a.>cA>i^vcv^la.minated 
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blocks  for  their  magneb.     The  latter  were  being  made  of 

thin  plates  riveted  together  and  screwed  on  to  the  yokes^ 

being  drilled  and  tapped  for  the   screws  just   as   if  they 

were  solid.    The  plan  of  casting  the  laminated  blocks  into 

the  yokes  does   not   seem  to  have  been  adopted   by  any 

makers  on  the  Continent.     The  experience  of  ray  firm  is 

that  a    laminated    pole    offers   no    advantages   as  regards 

efficiency^  while  it  has  several  disadvantages,  not  the  least 

amongst    which     is    the    increased    tendency  to   bucking 

observable  with  their  use-    There  is  less  w*ork  in  a  machine 

having   solid  steel  poles  cast  with  extensions   screwed   on 

to  a  cast-iron  or  steel  yoke,  and  the  benefit  derived  from 

the  adoption  of  the  circular  section  in  saving  field  copper 

is  considerable.      German    steel    is,    I    find,    inferior    to 

English  steely  but  it  is  much  cheaper  in  proportion,  the 

result  being  that  even  when  the  extra  field  copper  is  taken 

into  account  a  machine  made  with  German  steel  is  cheaper 

tJmn  one  made  with  English.   On  the  Continent,  as  with  us, 

the  usual  ratio  of  pole  arc  to  pole  pitch  is  '66-*7. 

The  machines  inspected  in  the  Berlin  station  on  the 
Occasion  of  the  Institution's  visit  excited  universal  admira- 
tion. These  continuous-current  sets  are  capable  of  giving 
each  1,500  E,H,P.  at  250  to  280  volts,  and  are  coupled 
one  on  each  end  of  the  crank-shaft  of  a  3,000  H,P.  ver- 
tical engine  running  at  83  revolutions  per  minute.  Each 
machine  has  16  poles,  and  the  armatures  look  about  12  ft* 
in  diameter.  The  air-gap  is  about  ^  in.,  and  the  induction 
in  the  gap  is  8,000  C<G.S.  units  per  square  centimetre.  The 
pbn  of  mounting  continuous  armatures  directly  on  the 
cnmk-shaft  between  the  engine  cylinders  appears  to  be  viewed 
with  disfavour  on  the  Continent.  Alternators  there  are  in 
plenty  with  their  rotating  fields  so  placed,  but  generally 
speaking  continuous-current  machines  are  coupled  on  one 
t^rboth  ends  of  the  crank-shaft.  Coupling  two  generators 
fo  one  engine  permits  of  earthing  the  middle  wire  of  the 
three-wire  system  without  inconveniences  due  to  rise  of 
Pressure  on  one  side  should  the  outer  of  the  other  become 
Accidentally  earthed.  Lahmeyer,  it  will  be  remembered, 
Secures  similar  immunity  by  connecting  the  earthed  neutral 
Mre  to  the  middle  point  of  the  generator  armature, 
m  Visitors  to  the  works  of  the  A.  E.  G,  m^.^  ^^^^ 
Sfes^rved   thai   in   Uie   smaJJer    machines  l\\t    ^Vrv>p^   ^q\\' 
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nccting  the  commutator  segments  with  the  armature 
windings  were  made  of  nickeline  for  the  purpose  of 
introducing  resistances  into  the  two  short-circuited  coils, 
a  row  of  small  holes  being  pierced  in  the  strips  for  the 
double  purpose  of  further  increasing  the  resistance  and 
ensuring  rapid  cooling.  The  practice  of  this  company 
differs  from  that  of  other  manufacturers  in  that  the  slots  in 
the  armatures  of  their  dynamos  are  much  smaller  and  the 
current  density  in  the  conductors  correspondingly  greater, 
reaching  in  some  cases  as  much  as  3,600  amperes  per 
square  inch  of  section.  On  the  Continent  there  are  no 
commutator  end  clamping  rings  in  the  larger  machines, 
but  in  lieu  thereof  a  number  of  clamping  pieces,  each 
secured  by  one  or  two  studs,  the  pieces  being  made  by 

cutting  the  ring,  turned 
first  to  the  proper  wedge 
shape,  into  short  pieces. 
It  will  be  readily  under- 
stood that  this  gives 
much  greater  facility  for 
replacing  segments  than 
if  a  continuous  ring  were 


Fig.  4. 
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used.  An  interesting  variation  is  afforded  by  the  practice 
Messrs.  Brown,  Boveri  &  Co.,  who  make  the  commutator 
drum  with  a  flanged  end  and  tighten  the  segments  by 
wedges  placed  circumferentially  on  the  drum  and  pulled 
down  radially.     (See  sketch.) 

Alternating-current  Generators. 

Dealing  with  alternators,  there  was  in  single-phase 
machines  nothing  to  speak  of  in  Paris  or  Berlin,  and  it  is 
unlikely  that,  save  for  extensions  to  existing  stations,  there 
will  be  further  single-phase  machines  installed  in  this 
country.  I  have  already  referred  to  the  design  which  has 
been  universally  adopted  for  polyphase  alternators,  and  will 
now  touch  on  some  of  the  variations.  The  plates  consti- 
tuting the  armature  core  are  contained  in  a  massive  cast- 
uon  circular  frame,  which  has  to  be  made  very  stiff  in 
order  to  resist  deformation,  and  several  devices  have  been 
adopted  with  a  view  to  getting  maximum  stability  with 
niininimn    weighl    oi   yvyolWvA.     U^'^'^.t^s.,    Brown,    Boveri 
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secure  to  each  side  of  a  cylindrical  shell  a  wheel-casting 
with  arms  extending  to  central  hub  or  boss,  this  latter  being 
bored  out  to  fit  on  trunnion  rings  cast  concentric  with  the 
bearings.     This  construction  converts  the  whole  armature 
into  a  wheel  supported  on  a  couple  of  trunnions  having  two 
sets  of  arms,  between  which  the  flywheel  rotates  inside  a 
cage,  so  to   speak*     The   construction   is^  of   course,  very 
rigid,  besides  admitting  of  the  armature  being  rotated  on 
the  trunnions,  and  provision  so  made  for  examination  of 
any  of  the  coils  needing  attention,     Messrs,  Lahmeyer,  of 
Frankfort,    in  building  their  armature  frames  also   attach 
to    each    side    of    the    containing    shell,    wheel-castings* 
They  have  arms  like  the  Brown- Boveri  construction^  but 
these    do    not    terminate    in    a    boss    bored   out    to    rest 
oil   a  trunnion.     Generally   they  terminate  in   a  ring  just 
large    enough    to    properly   clear    the    shaft    and     brush 
gear*     The    loo    k,w,   machine    at  the    Paris    Exhibition, 
for  instance,   had   frames  of  this   kind  with   ten  arms  in 
each    casting.      On    occasions,   however,   the    inner   rings 
of  these  wheels  are  considerably  larger   than  are  just  re- 
quired to  give  clearance  for  the  brush  gear.     In  fact  they 
may   be   half  the  diameter  of  the  armature   or   more,   in 
which  case  the  castings,  still  consisting  of  concentric  rings 
connected  by  radial  bars,  merely  serve  to  increase  the  depth 
of  the  shell,  and  so  give  it  additional   stiflfness.     Messrs, 
Schuckert  have  endeavoured  to  stiffen  the  armature  frame  by 
connecting  by  means  of  radial  stretcher  rods  the  cast-iron 
shell  at  different  points  to  a  ring  concentric  with  the  shaft. 
It  will  probably  be  remembered  that  the  850  k,w.  machine 
at  the  Paris  Exhibition  was  stayed  in  this  manner,  the  ring 
dng  made  large  enough  to  properly  clear  the  brush  gear 
the  field  magnets.     In  this  case  the  weight  of  the  arma- 
ftre,  instead  of   being  as  in  the  construction   of   Messrs. 
^rown,  Boveri,  taken  by  trunnions,  is  borne  by  the  feet  cast 
opposite  sides  of  the  shell.     Several  design ersj  however^ 
Jnore  these  methods,  and  trust  to  the  stability  which  can  be 
btained  from  making  the  section  of  the  shell  of  box  form 
'  of  a  deep  U  shape.     It  is  worthy  of  note  that  the  largest 
nlternators  seen  during  the  tour  in  Germany  had  no  devices 
,of  the  kind  described-     I  am  referring  now  to  the  machines 
tthe  Moabit  station  of  the  Berlin  Electricity  Works^  £w\vt% 
kooo  k.w.  at  8j  revs,  per  mmute.     These,  \{  Tvol  l\\ft  \at^^'^H^ 
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'generators  in  the  world,  were,  up  to  the  date  of  the  Institu- 
tion visit,  the  largest  constructed  in  Europe.  Matters  may 
be  so  arranged  that  the  lower  half  of  the  armature  receives 
additional  support  from  a  pedestal  placed  directly  underneath 
the  shell  and  resting  on  the  foundations.  All  the  devices  just 
mentioned  are  for  the  stiffening  of  a  shell  containing  the  core 
plates,  but  by  far  the  most  interesting  design  in  armature 
frames  was  that  presented  by  the  departure  made  recently  by 
the  A.  E.  G. — the  makers,  by  the  way,  of  the  large  alternators 
above  referred  to — who  proposed  to  do  away  with  the  cast- 
iron  shell  altogether.  For  this  are  substituted  a  couple  of  side- 
rings  to  clamp  the  core  plates  up,  and  from  the  latter  radial 
struts  project,  which  are  connected  together  by  tie  rods, 
the  whole  forming  a  lightly-built  framework  of  sufl&cient 
strength  to  support  the  armature  core,  and  of  a  sufficient 

stability  to  resist  de- 
formation. A  machine 
built  on  these  lines, 
giving  1,100  k.W.  at  107 
revolutions  per  minute, 
was  seen  working  on 
Pig.  5.  probation  ;    others   are 

being  installed  at  Man- 
chester, and,  if  successful,  the  construction  will  constitute  a 
distinct  advance.  Mr.  Dobrowolsky  asserts  that  as  com- 
pared with  the  usual  design  the  saving  in  weight  of 
materials  required  in  respect  of  a  given  output  will  be 
about  20  per  cent.,  and  the  saving  in  cost  of  construction 
about  10  per  cent. 

In  modern  alternators  the  segmental  core  plates  are 
clamped  tightly  together  by  stiff  outer  rings,  the  tightening 
bolts  in  most  cases  going  right  through  the  segments  and 
providing  the  means  of  securing  these  in  the  containing 
shell.  When  firmly  clamped  up  the  rings  are  secured  in 
their  place  by  screws  passing  through  the  shell,  and  it  is 
now  unusual  to  insulate  the  through  bolts  in  armatures  of 
this  construction.  The  holes  are  punched  close  to  the 
outside  edge  of  the  segment,  say  within  one-eighth  or 
three-sixteenths  of  an  inch,  and  it  appears  that  there  is  very 
little  loss  of  power  due  to  the  field  straying  in  this  portion 
of  the  core  to  produce  parasitic  currents  in  the  bolts. 
Fjscher-Hinnen,  in  mvesWgxWtv?^  \Xv\^  T«a.V«\  theoretically; 
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was  led  to  the  conclusion  that  the  loss  was  quite  negligible, 
and  Boucherotp  taking  examples  from  actual  practice,  found 
that  so  long  as  the  induction  in  the  armature  iron  did 
not  exceed  lo^ooo  to  12,000  C.G*S.  the  loss  in  the  bolts 
was  not  sufficient  to  make  it  worth  while  insulating  them. 
Some  years  ago  the  majority  of  Swiss  engineers  had 
ceased  to  insulate  the  bolts,  and  now  the  omission  is 
universah  It  must  be  remembered  that  the  system  of 
shell,  clamping  rings,  and  tightening  bolts^  complete,  form 
a  huge  squirrel  cage,  an  amortisseur  in  fact,  the  current  in 
which  tends  to  blow  the  field  out  of  its  domain. 

The  Westinghouse  Company  do  not  use  for  securing 
the  segments  bolts  going  through  them,  but  dovetail-key 
them  into  the  shell,  and  the  Union  Company,  of  Berlin, 
adopt  the  same  plan.  The  sketch  shows  the  arrangement 
used  by  the  latter  company.  The  flange  cast  on  the  shell 
forms  one  clamping   ring,  there  being  substituted  for  the 


omer  a  number  of  loose  plates  tightened  up  by  through 
bolts^  2  bolts  between  each  key.  The  keys  sunk  into  the 
shell  are  kept  in  position  by  radial  screws,  and  in  the  front 
are  dovetailed  to  receive  the  plates.  It  should  be  noted  that 
this  construction  permits  of  the  building  of  large  armatures 
without  the  use  of  large  machine  tools.  The  shell  being 
laid  on  the  floor,  the  feet  and  the  joints  can  be  slotted  by 
portable  tools,  and  in  like  manner  the  slots  for  the  keys  can 
be  machined. 

The  armature  winding  of  alternators  nowadays  consists 
of  coils  wound  through  holes  in  sitiif  or  of  coils  former- 
wound  and  laid  in  open  slots*  Most  European  machines 
are  wound  according  to  the  former  method,  and  most 
American  machines  according  to  the  latter.  In  the  Paris 
Exhibition^  though  there  were  fine  examples  of  both,  the 
hole- wound   certainly  predominated.      In  p\a.le?i  ^^x^tTvOtV^^ 
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with  holes  it  is  usual  to  make,  in  addition,  a  cut  of  about 
J  in.  wide,  so  taking  away  the  iron  at  the  thinnest  part 
in  order  to  reduce  leakage^  while  generally  in  slotted  plates 
a  small  notch  is  made  on  each  side  of  the  slot  to  admit  of 
a  wooden  spline  being  driven  under  the  coils  to  keep  them 
in  place.  The  sketches  show  the  punching  in  the  two  cases. 
The  former- wound  coil  can  be  readily  replaced  in  the  case 
of  a  burn-out,  and  this  is  of  great  importance  in  power 
installations  when  the  machines  are  particularly  liable  to 
damage,  from  lightning  striking  the  overhead  lines^  and 
where  repairs  have  to  be  effected  in  the  shortest  time  by  a 
comparatively  unskilled  person.  It  has  been  claimed  that 
a  hole- wound  coil  can  be  replaced  as  quickly  as  a  former- 
wound  coil,  but  this  is  by  no  means  the  case  unless  the 
coil  consists  of  a  very  few  turns.  When  we  come  to  a 
solid  bar  in  each  «ilot  with  end  connectors,  whether  these 
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are  laid  in  holes  or  slots  makes  no  difference  as  regards 
repairs,  and  in  such  case  the  holes  are  preferable.  But  for 
machines  of  from  250  to  500  kw,,  running  at  3,000  to 
5,000  volts,  where  the  coils  have  many  turns,  the  removable 
coils  have  far  and  away  the  advantage  as  to  the  time  taken 
to  effect  repairs.  If  the  coils  themselves  are  to  be  as  good 
in  the  replaceable  form  as  when  wound  in  si7fi,  there  is  very 
little  saving  in  the  cost  of  winding.  As  a  matter  of  fact 
they  cannot  then  be  former- wound  in  the  same  sense  that 
a  magnet  coil  is  former- wound  except  for  low  pressure,  as 
to  make  a  thorough  job  it  is  necessary  to  wind  the  wires  in 
seamless  micanite  tubes.  Frequently  we  utilise  at  Charlton 
a  section  of  the  core  for  the  coil-winding,  placing  the  tubes 
in  the  slots,  4  or  6,  as  the  case  may  be,  and  after  windinj 
simply  knocking  the  coil,  with  the  tubes  on  it,  out  of  the 
slots. 

The  smalkst  number  of  slots  ot  \io\es  emi^\Q^^d  ^t  i^^ole 
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per  phase  is  two^  but  as  a  rule  the  winding  is  distributed 
over  as  many  slots  as  possible,  3  and  4  being  frequently 
used*  The  spreading  ont  of  the  winding  reduces  variation 
in  the  distribution  of  the  magnetic  field  through  the  magnets 
to  a  minimum,  while  it  ensures  that  the  curve  of  E*M.F,  shall 
approximate  to  the  sine  form — the  ideal  for  all  alternatorSp 
The  large  machines  in  the  Moabit  Station  already  referred 
to  had  a  bar  winding,  there  being  5  bars  per  pole  per 
phase.  In  these  the  interior  diameter  of  the  armature  was 
about  24  feet,  and  the  current  was  generated  at  a  pressure 
of  6,000  volts. 

In  thrce-phase  machines  the  armature  coils  have  neces- 
sarily to  be  interlaced,  and  the  ends  must  be  shaped  in  such 
manner  that  those  belonging  to  different  phases  are  kept 
well  apart  There  are  two  methods  of  arranging  the  coils 
which,  for  want  of  better  terms,  1  call  three-form  coiling 


Fig,  8, 


and  two-form  coiling  respectively,  and  examples  of  both 
were  to  be  seen  in  plenty  at  the  Paris  Exhibition,  In  the 
former  there  are  three  shapes  of  coil  in  a  machine,  viz., 
coils  wound  straight,  coils  with  ends  bent  inwards  towards 
the  shaft,  and  coils  with  ends  bent  outwards.  All  the  coils 
of  one  shape,  constituting  one  third  of  the  total  number  on 
the  armature,  belong  to  one  phase,  so  that  for  the  three 
phases  the  coils  are  straight,  bent  inwards,  and  bent  out- 
wards respectively*  In  the  two-form  coiling  there  are  only 
two  shapes  of  coils,  those  wound  straight  and  those  with 
their  ends  bent  outwards,  so  that  in  each  phase,  constituting 
one  third  of  the  total,  there  is  an  equal  number  of  straight 
and  bent  coils.  In  the  three-form  coiling,  therefore,  the 
coil  ends  lie  in  three  tiers,  in  the  two-form  coiling  they  lie 
in  two  tiers.  The  latter  is  the  more  frequently  used  and  is 
the  simpler.  When  employing  it  there  is  on  the  armature 
only  half   the   number  of    coils — one  coW  p^x    ^'a.s^   v^ 
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every  pair  of  poles — with^  of  course^  half  the  number  of 
crossings  that  there  is  in  the  three-form  coilingp  while 
the  inwardly  projecting  ends  of  the  latter  are  a  good  deal 
in  the  way* 

Possibly  visitors  to, the  A.  E.  G,  Works  observed  a  new 
method  of  coiling  for  three-phase  machines,  in  which  the 
coil  ends  were  twisted,  but  all  of  one  form.  It  was  intended 
for  pressures  above  3,000  volts,  and  the  object  was  to  get 
a  winding  in  which  the  coil  ends  could  be  better  insulated 
while  the  distance  between  adjacent  coils,  belonging  to 
different  phases,  was  kept  nearly  uniform  throughout-  The 
sketch  gives  a  rough  idea  of  the  plan,  and  the  winding, 
which  is  done  in  sitUf  is  easy  until  the  last  coil  is  reached, 
when  on  account  of  the  wire  having  to  be  threaded  through 
between  coils  wound  on  each  side,  it  is  not  at  all  easy*  As 
Mr,  Dobrowolsky  naively  remarked  to  me,  a  coil  which 
breaks  down  is  always  from  the  winding  point  of  view  tlie 
last  coil,  so  I  am  not  sure  that  this  new  winding  will  come 
into  use. 

On  the  Continent  the  practice  as  regards  field-magnet 
design,  is  pretty  much  the  same  as  with  us<  In  some 
machines  the  field  pole  and  shoe  consist  of  a  block  of 
laminated  iron  riveted  together,  which  is  dovetail -keyed 
into  the  fly-wheel  rim.  The  sketch  shows  the  method 
the  A.  E»  G.  adopt  for  keying  in  such  blocks  in  the  large 
machines  at  Moabit,  but  here  the  yoke  ring  into  which  the 
magnets  are  fixed  is  of  laminated  iron-  The  general  practice 
is,  however,  to  make  the  pole  in  steel  with  a  shoe  of  laminated 
iron  cast  into  it,  a  plan  employed  for  some  nine  or  ten  years 
now  by  the  Swiss  engineers.  Some  designers  are  under  the 
impression  that  laminated  pole  shoes  are  unnecessary  when 
holes  or  partially  closed  slots  are  employed  for  the  armature 
winding,  and  accordingly  in  their  machines  the  magnet  pole 
and  shoe  are  made  sohd*  My  experience  has  led  me  to 
an  opposite  conclusion.  Unfortunately  we  cannot  always 
determine  with  accuracy  the  advantage  derived  from  this  or 
that  modification  when  other  slight  modifications  are  intro- 
duced concurrently,  but  the  results  I  have  from  time  to 
time  obtained,  lead  me  to  believe  that  the  loss  of  power  at 
full  load  is  from  4  to  5  per  cent,  more  with  un laminated 
than  with  laminated  shoes.  It  must  be  remembered  that  in 
the  allocation  of  the  various  Vo^se?.  m  ^ai  ^le^va  alternator, 
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ere  is  much  that  is  guesswork.  Suppose  that  perfect!}^ 
eliable  cards  of  the  LH,P,  can  be  obtained  at  quarter  load, 
It  is  very  easy  to  calculate  what  addition  should  be  made  in 
respect  of  hysteresis  and  copper  losses  for  full  load.  But  in 
ndicating  the  engines  at  full  load  we  find  this  sometimes 
'largely  exceeded,  and  the  difference  has  to  be  divided  in 
some  proportion  between  the  engine  and  the  alternator. 
This  is  where  the  scientific  use  of  the  imagination  comes 
•inp  Undoubtedly,  when  it  has  been  possible  to  test  alter- 
•nators  coupled  to  engines,  the  friction  law"  of  which  has 
Ibeen  known,  a  very  considerable  loss  has  been  shown  to 
'take  place  with  solid  poles,  unaccounted  for  by  calculation 
and  increasing  with  the  load.  This  loss  may  at  full  load 
Amount  to  several  times  the  hysteresis  and  eddy-cuiTent 
losses  at  no  load,  and  it  can  only  be  due  to  parasitic 
currents  in  the  poles.  It  can  be  almost  eliminated^  how- 
ever, by  proper  lamination  ■  of  the  pole  shoe  in  any  case ; 
and  of  as  much  of  the  body  of  the  pole  as  possible.  In  the 
Westinghouse  alternators  the  poles  are  laminated  throughout. 

The  action  of  the  amortisseur  or  damping  cage  is  well 
known,  and  a  convenient  w^ay  of  providing  for  fitting  it  on 
laminated  poles,  is  furnished  by  punching  in  the  plates 
making  up  the  block  several  holes  across  the  pole  face 
and  close  to  the  edge  of  the  iron*  The  sketch  shows 
five  such  holes,  this  being  the  arrangement  adopted  by  the 
A.  E.  G*  for  all  their  alternators.  Should  circumstances 
arise  when  machines  are  set  to  work,  rendering  the 
amortisseur  desirable,  copper  bars  can  be  driven  into  the 
lioles  and  joined  by  straps  at  the  side  to  form  the  same.  If 
no  such  circumstances  arise  the  amortisseur  bars  are 
jmitted,  the  holes  being  beneficial  rather  than  otherwise, 
nasmuch  as  they  ensure  that  the  pole  shoe  is  well 
saturated. 

Some  time  ago  I  obsei-\'ed  at  a  meeting  of  the  Institution 
that  British  engineers  had  been  putting  too  much  material 
into  their  alternators,  and  1  repeat  this  as  a  clear  and 
definite  statement  of  fact.  For  some  reason  or  other, 
designers  here  had  been  for  years  the  slaves  of  the  idea  that 
in  an  alternator  only  a  very  small  drop  in  pressure  between 
no  load  and  full  load  was  permissible.  Trade  represent- 
ations that  this  or  that  alternator  had  a  drop  of  owl^  ^\^'^^ 
cent,  induced  most  designers  to  aim  at  a  sraaW  Ato^  ^'e^'^^^- 
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less  of  the  weight  of  material  necessary  to  achieve  the 
end  in  view,  with  the  result,  of  course,  that  our  neighbours 
on  the  Continent,  who  showed  much  better  judgment  in 
adjusting  their  designs  to  the  end  to  be  served,  secured  a 
great  deal  of  the  work.  It  is  to  be  hoped  that  my  colleagues 
are  now  mending  their  ways  in  this  respect,  and  designing 
machines  as  do  their  competitors,  to  give  say  5  or  6  per  cent, 
drop  at  the  full  volt-ampere  output  with  a  power-factor  =  i, 
and  30  to  35  per  cent,  drop  with  a  power-factor  =  o. 
This  corresponds  to  from  13  to  16  per  cent,  for  a  power- 
factor  =  -8.  Incidentally  it  may  be  mentioned  that  a  given 
machine  carcase  will  give  wound  for  two-phase  just  the 
same  output  as  wound  for  three-phase  with  about  the  same 
drop. 

Though   within    the    limits    assigned    for    temperature 

rise  and  efficiency,  con- 
siderable latitude  is  al- 
lowed to  the  designer,  I 
find  a  most  remarkable 
agreement  with  respect  to 
the  value  of  the  output- 
coefficient  for  alternators 
by  the  leading  Continental 
makers.  Taking  a  large 
number  of  three-phase 
machines,  this  is  found  to 
have  an  average  value  of 
•015,  all  the  fields  working  with  an  induction  in  the  air- 
gap  of  from  7,500  to  8,000  C.G.S.  High  gap-induction  and 
high  field-saturation  are  both  necessary  to  good  design, 
but  there  are  of  course  practical  limits  which  have  to  be  set 
to  each.  The  stronger  the  main  field,  the  less  distortion  will 
be  produced  in  it  by  the  armature  field,  and  consequently 
the  less  will  be  the  voltage  drop. 

It  is  not  my  intention  to  trouble  you  at  present  with  an 
investigation  of  the  best  relation  of  copper  to  iron,  but 
it  will  be  obvious  of  course  that  having  regard  to  temper- 
ature rise,  efficiency  drop  and  price,  there  must  be  a  best 
weight  for  the  copper  relatively  to  the  other  parts  of  th.e 
machine.  Probably  it  would  be  found  that  for  the  armature 
this  weight  would  be  from  2  to  2J  per  cent,  of  the  total,  and 
for  the  revolving  field  about  10  pei  cewX..  ol  iVv^  lotaU 
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^r^  As  in  generators  we  have  apparently  settled  down 
B  to  one  general  form,  so  in  transformers  there  is  a 
tendency  towards  one  common  type.  In  this  country 
the  core  form  introduced  by  Messrs.  Johnson  &  Phillips 
many  years  ago  is  most  frequenUy  seen,  while  on  the 
Continent  it  is  the  type  universally  used.  The  peculiarity 
of  the  core  transformer  as  distinguished  from  the  shell 
transformer  is  that  the  coils  are  outside  the  iron,  being 
slipped  over  the  core.  In  the  shell  transformer  the  coils 
are  surrounded  by  iron,  and  the  core  is  built  up  of  plates 
slipped  one  by  one  through  the  coils.  In  America  shell 
transformers  are  still  largely  used,  though  there  are  not  so 
many  made  as  formerly,  and  the  advantages  of  the  core, 
as  compared  with  the  shell  type^  especially  for  power  work, 
are  now  being  recognised.  First,  the  coils  are  outside,  and, 
the  surface  being  exposed,  they  are  kept  cool  while  running. 
The  secondary  cods,  which  are  the  easier  to  insulate,  are 
placed  next  the  iron,  and  the  primary,  in  which  the  insula- 
tion is  of  relatively  greater  importance,  are  outside.  By 
(  this  arrangement  a  position  where  the  cooling  effect  is 
■  greatest  is  secured  for  the  high-pressure  coils,  a  position 
where  it  is  less  important  for  the  low  pressure,  while  the 
iron  is  placed  where  its  heating  can  do  no  harm*  The 
transformer  is  therefore  from  the  working  point  of  view 
all  that  it  should  be,  while  the  shell  type  is  quite  the 
reverse.  Next  to  efficiency  in  working  comes  the  ques- 
tion of  repairs,  and  any  one  who  has  attempted  these  to 
both  types  will  have  no  hesitation  in  deciding  for  the  core. 
To  take  the  iron  to  pieces  and  replace  a  coil  in  a  sheU 
■'transformer  may  be  a  matter  of  days,  w^hile  in  the  core 
type  slipping  the  yoke  off  and  replacing  a  coil  is  a  matter 
of  hours.     The  flat  rectangular  coils  used  for  the  former  are 

I  also  much  more  trouble  to  rewind  and  more  difBcult  of 
insulation  than  the  coils  used  for  the  latten  In  addition, 
the  core  transformer  has  a  much  smaller  drop  on  an  induc- 
tive load,  which  specially  fits  it  for  power- transmission  work, 
which  particular  advantage,  combined  with  the  general 
advantages  above  mentioned,  explains  why  the  type  is  in 
B  universal  use  on  the  Continent.  The  plan  adopted  in 
H  America  of  using  for  Uiree-phase  work  s\u^^-^^^^^^^  Xx'i^XN.^- 
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formers  does  not  find  favour  on  the  Continent,  three-phase 
transformers  being  always  used.  These,  besides  saving 
weight,  and  costing  less  to  instal,  give  a  better  regulation 
where  there  is  a  likelihood  of  the  phases  being  unbalanced 
in  working.  The  position  of  the  joints  relatively  to  the 
coils  is  in  core  transformers  a  matter  of  importance.  In 
three-wire  single-phase  working,  for  example,  it  is  necessary 
if  the  two  sides  of  the  system  are  at  all  unbalanced  to  divide 
the  secondary  winding  on  both  sides  of  the  middle  wire 

connection  equally  between 
the  two  limbs,  otherwise  good 
results  cannot  be  obtained.  As 
a  matter  of  interest  it  may  be 
observed  that  a  transformer  is 
always  somewhat  more  efficient 
when  the  input  is  measured  on 
the  low-pressure  side  and  the 
output  on  the  high-pressure 
side  than  when  the  test  is  re- 
versed, consequent  on  the  eddy- 
current  losses  in  the  copper 
being  in  the  latter  case  greater.  From  this  it  follows  that 
a  step-up  transformer  is  always  more  efficient  than  a  step- 
down  one. 

Induction  Motors. 

There  is  no  specially  novel  feature  to  be  recorded 
as  regards  the  construction  of  induction  motors.  This 
subject  was  dealt  with  two  years  ago  by  Mr.  Eborall 
in  a  masterly  manner,  and  not  much  has  occurred  in  the 
interim.  I  am  not  referring  now  to  Mr.  Heyland's  latest 
machine  which  has  been  recently  described  in  the  Electrical 
Press,  and  which  is  now  on  its  probation.  Of  this  motor 
no  doubt  more  will  be  heard  presently ;  at  the  same  time, 
as  you  are  probably  aware,  though  non-synchronous,  it 
is  not  a  purely  induction  motor.  As  will  have  been  seen 
from  Herr  Laschc's  paper,  read  in  Glasgow,  the  A.  E.  G. 
are  doing  away  with  the  outside  cast-iron  stator  case  in 
some  of  their  motors,  while  in  the  particular  motors  used 
for  the  high-speed  railway  experiments  the  novelty  is  intro- 
duced of  winding  the  rotor  two-phase  instead  of  three- 
phasc.     Whetlier   it   is  Intended  Vo  do   .iNN-a.'^  ^\\iv  outer 
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casings  generally,  as  in   the  A,  E,  G.  alternators  already 

referred  to^  I  am  not  in  a  position  to  say.     At  the  Union 

Works  in    Berlin,  curious  squirrel-cage  rotors  for    small 

motors  might  have  been  seen  on  the  occasion  of  our  visit 

there.    1  nstead  of  having  one  set  of  bars  as  is  usual  attached 

b  a  single  ring  at  each  end,  these  rotors  had  all  their  bars 

joined  at  one  end  to  a  common  ring,  but  at  the  other  end 

aiternate  bars  joined  to  separate  rings,  making  virtually  two 

sets  of  bars  as  sketch*     1  was  puzzled  to  know  the  reason 

/or    this,   but   with    the    discovery  of    the    designer^    Dr. 

N'eithammer,  came  the  discovery  of  the  reason. 

In  America  the   usual   practice   as  regards   the  stator 
w^inding  is  to  place  former-wound  coils  in  open  slots ;  on 
tli^   Continent  the    stator  coils  are    always    hand-wound 
through  holeSp     Motors   wound    according    to    the    latter 
iTiethod  are  superior  from  the  running,  but  are  inferior  from 
the  repair,  point  of  view-    The  replacing  by  hand- win  ding 
of    burnt-out  coils  in   a   large  high-yoltage   motor   where 
factory  facilities  are  absent  is  a  long  and  costly  job  com- 
pared with  which  the  replacing  of  former-wound  coils  is 
easy.     But  of  the  superior  qualities   of  the  hand- wound 
machines  viewed  from  the  strictly  electrical  side,  there  can 
be   no   question,  and  some  conversation    1   had  with  Dr. 
Neithammer  illustrated  this  in  a  rather  remarkable  manner. 
The  Union  Works  of  Berlin  started  w4th  American  designs, 
a.nd  amongst  others  with  open-slot  stators  for  their  induc- 
tion motors.     But  by  adapting,  instead  of  the  open  slots, 
neady  closed  slots — and,   of    course,   hand   coiling — both 
poM^er4actor    and    efficiency    have    been    increased,    and 
weight  and  temperature-rise  reduced.     For   small  motors 
two  methods  of  winding  are  in  use,  one  by  wire  in  slots, 
shaped  as  in  sketch  A,  and  one  by  sheet-copper  strip  in 
slots,  and  shaped  as  in  B.     In  A  the  wire  is  not  drawn 
J      through  an  insulating  tube,  but  is  pushed  through  the  saw-cut 
H  ^t  the  bottom  of  the  slot,  a  wood  wedge  being  afterwards 
H  ^^serted  under  the  coil  to  complete  the  insulation.     Owing 
V  ^^  the  rather  deep  slot,  the  power-factor  is  a  little  lower 
^^n  if  there  were  no  room  required  for  the  wedge,  but  the 
^Qrivenience  of  winding  in  this  way  is  very  great,  and  for 
low  pressures  the   seamless   insulating   tube  which  would 
'*^r  high   pressures  prohibit   its   adoption   is  unicvec^'^'^^r^. 
^^  B  eaclj  copper  strip  h  inserted  throug\i  Wie  ^^\\  cmX  -stV 
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the  bottom  of  the  slot  and  pushed  to  the  right  till  the  slot 
is  full,  a  wood  wedge  is  then  inserted  under  the  group,  and 
the  strips  in  all  the  slots  are  joined  up  by  end  connectors  to 
form  complete  coils.  Owing  to  the  ends  of  the  strip  coils 
being  nearer  to  the  iron,  motors  so  wound  have  a  power 
factor  of  2  to  3  per  cent,  less  than  have  those  with  wire- 
wound  coils,  but  the  strip-winding  being  less  expensive  and 
requiring  a  less  skilled  workman  than  does  the  wire-winding, 
the  motors  can  be  sold  at  a  low  price. 

It  is  the  practice  on  the  Continent  to  wind  all  rotors 
above,  say,  5  H.P.,  and  to  introduce  in  circuit  with  the 
winding  resistances  at  starting.  This  is  unlike  the  practice 
in  the  States,  where  motors  of  very  large  powers  are  made 
with  squirrel-cage  rotors.  The  latter  are  provided  with 
auto-transformers,  but  for  starting  under  full  torque  they 


Fig.  12. 


require  to  take  from  the  line  twice  the  normal  working 
current,  or  the  full  working  current  for  half  torque.  Seeing 
that  there  is  a  large  number  of  cases  in  which  high  starting 
torque  is  not  required,  and  where,  consequently,  it  is 
unnecessary  to  provide  for  it,  it  seems  scarcely  in  accord- 
ance with  the  proper  adjustment  of  means  to  ends  to  dra\^ 
a  hard  and  fast  line,  and  say  above  this  or  that  horse-power 
all  the  rotors  shall  be  wound.  My  experience  of  large 
motors  with  squirrel-cage  rotors  has  been  in  every  respect 
satisfactory,  and  I  regard  it  as  mere  waste  of  money  io 
provide  for  conditions  which  in  practice  can  never  possibly 
arise.  The  motor  ought  to  have  a  short-circuited  or  wound 
rotor  according  to  the  conditions  under  which  it  has  io 
work. 
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When  it  is  necessary  to  convert  polyphase  into  con- 
tinuous  current,  the  choice  hes  between  rotary  converters 
and  motor  generators.  To  the  subject  of  sub-station 
equipment  considerable  attention  has  been  recently  given, 
but  up  to  the  present,  discussion  has  only  served  to 
emphasise  the  fact  that  considerable  difference  of  opinion 
still  exists  as  regards  the  relative  merits  of  the  two  conver- 
sion methods.  The  rotary  converter'  has  found  much 
favour  in  the  States,  but  though  its  birthplace  was  on  the 
Continent  it  is  there  held  in  considerably  less  esteem,  while 
here  the  opinions  held  regarding  it  are  very  varied.  Most 
will  agree  with  Mr.  Steinmetz  s  statement  that  white  rotaries 
are  feasible  at  a  frequency  of  60,  they  are  perfectly  satis- 
factory only  at  25  ;  and  from  this  it  is  clear  that  rotaries  do 
not  admit  of  the  adoption  of  nearly  so  flexible  a  system  as 
motor-generators.  The  latter  allow  of  a  frequency  of  50, 
which  means  that  in  a  general  system  for  lighting  and  power, 
continuous  current  may  be  provided  for  the  latter  where 
needed,  the  alternating  current  being  used  throughout  for 
incandescence  and  arc  lamps  and  for  power  where  con- 
tinuous current  may  be  dispensed  with. 

At  the  Mariannenstrasse  sub-station  in  Berlin,  members 
had  an  opportunity  of  seeing  a  most  interesting  installation 
of  rotary  converters  working  at  a  frequency  of  50  and 
varying  in  size  from  1^250  H-P,  to  550  H,F»  Here  'the 
behaviour  of  the  machines  appeared  to  be  very  satisfactory, 
not  the  least  interesting  feature  being  the  method  of 
regulating  the  pressure  of  supply.  This  is  done  on  the  high- 
pressure  side  of  the  machine  by  a  special  booster.  The 
latter  consists  of  a  supplementary  3-phase  armature  through 
which  flows  the  high -pressure  current,  the  voltage  of  the 
latter  being  added  to  accordingly  as  more  or  less  excitement 
is  given  to  a  magnet- wheel  fixed  on  the  converter  shaft  and 
rotating  inside  the  supplementary  armature  referred  to. 
The  voltage  of  the  low-pressure  feeders  is  by  these  means 
completely  under  control,  and  the  method  of  effecting  the 
whole  of  the  regulation  on  a  small  current  undoubtedly 
presents  great  advantages  over  the  plan  of  regulating  the 
pressure  by  heavy  current  boosters  on  the  low-i^ressuve 
continuous  side  of  the  converters. 
Vol.  82,  <i4 
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But  the  Miiriannenstrasse  installation  only  shows  that 
50  frequency  is  feasible  for  rotaries,  not  that  it  is  to  be 
recommended,    and    the    difficulty    experienced    in    the 
operation  of  these  machines  at  this  frequency  is  well  known. 
Constructionally  the  rotary  converter  is  of  course  a  com- 
promise.    It  is  not  a  good  alternator  and  it  is  not  a  good 
dynamo,  while  at  all  but  the  lowest  frequencies  it  combines 
the  vices  of  both  and  has  the  virtues  of  neither.     When  it  is 
remembered  that  the  usual  frequency  for  continuous-current 
machines  lies  between  10  and  15,  it  will  be  realised  that  the 
difficulty  of  designing  rotaries  for  50  are  great ;  and  it  should 
be  recognised  that  for  frequencies  in  the  vicinity  of  50, 
motor-generators  are    far    preferable.    Quoting  Steinmetz 
again,  ''when   properly  handled  and  taken  care  of,  under 
reasonably  fair  conditions  the  rotary  at  such  a  frequency 
will  do  its  work  well ;  but  the  more  you  become  familiar 
with  it,  the  less  you  are  confident  that  you  can  rely  upon 
it  in  any  emergency,  and  that  it  will  not  go  back  on  you 
when  you  need  it  most." 

It  appears  then  that  for  all  but  purely  power  conversions, 
and  often  then,  the  motor-generator  will  be  adopted.  Mr. 
Steinmetz's  views  1  have  given.  Herr  Dobrowolsky  in 
Germany  unhesitatingly  pronounces  in  favour  of  motor- 
generators,  and  so  does  Mr.  Brown  in  Switzerland.  Mr. 
Hobart  recommends  that  they  supersede  rotaries  for  any 
frequency  above  25  ;  indeed  every  engineer  who  has  had 
experience  with  the  working  of  the  two  varieties  of  plant, 
with  whom  1  have  talked,  would  prefer  to  use  motor- 
generators. 

As  to  difference  in  efficiency  and  cost  between  the  two 
classes  of  machinery  there  is  little  to  choose.  In  his 
Glasgow  paper  Mr.  Field  gave  particulars  of  cost  for  both 
equipments,  inclusive  of  all  the  accessory  apparatus.  With 
regard  to  efficiency,  so  far  as  can  be  ascertained  from  a 
mass  of  rather  conflicting  statements,  the  rotary  has  the 
advantage  over  the  motor-generator  to  the  extent  of  from 
3  to  4  per  cent,  at  full  load,  and  from  4J  to  6  per  cent. at 
half  load.  This  appears  to  be  the  only  point  on  which  the 
rotary  scores  over  the  motor-generator ;  for  parallel 
running,  regulation  and  simplicity  in  working,  the  l2^tte^ 
scores. 

In  writing  the  ioregomg^  \  Wd  m  mvj\^  's^w:3wtQtvQUS 
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motors ;  I  would  like  now  to  refer  briefly  to  induction 
motors  as  applied  to  motor-generators.  There  seems  to  be 
an  idea  that  induction  or  non-synchronous  motor-generators 
are  unsuitable  for  work  of  large  magnitude.  This  cannot 
be  on  account  of  mere  size,  as  motors  up  to  ijooo  H*P* 
are  working  most  successfully,  and  there  is  no  reason  why 
larger  ones  should  not  be  built  if  wanted.  Mechanically, 
induction  motors  are  on  a  par  with  synchronous  motors  ; 
they  offer  no  difficulties  in  construction,  while  the  driving 
of  generators  furnishes  for  them  an  ideal  load.  There  is  no 
doubt  that  the  sub-station  manipulation  of  non-synchronous 
motor-generators  is  simplicity  itself  as  compared  with  that 
required  for  synchronous  motor-generators,  while  in  the 
former  there  is  an  entire  absence  of  the  tendency  to  '*go 
back  on  you'' which  to  a  certain  extent  must  characterise 
the  working  of  all  synchronous  machinery.  I  have  never 
met  an  engineer  who  does  not  prefer  to  work  with  non- 
synchronous  rather  than  w4th  synchronous  plant,  and 
the  induction  motor  is  so  thoroughly  satisfactory  on  all 
points  as  a  machine,  that  every  effort  should  be  made  to 
minimise   the  effect  of,  or  cure,  its  one  solitary  electrical 

failing. 

■  In  the  last  sentence  I  refer,  of  course,  to  the  idle  current 
which  must  flow  in  the  system  due  to  the  power-factor 
being  less  than  unity,  though  this  does  not  seem  to  have 
nearly  such  a  pernicious  effect  as  has  been  represented.  In 
the  first  place,  it  must  be  remembered  that  motors  running 
in  a  snb-station  have  a  high  power- factor  as  compared  with 
motors  of  mixed  sizes,  some  full  and  some  partially  loaded, 
running  on  a  general  polyphase  system  of  supply.  In  the 
latter  case  the  power-factor  will  be  from  "6  to  7,  while  in 
the  former,  owing  to  gradually  improved  design,  it  may  be 
over  "9.  In  an  article  in  the  Electrical  World  of  New 
York,  Mr.  Mershon  asserts  that  recent  requirements  of  a  full 
load  power-factor  of  "92  have  been  met,  while  a  power- 
factor  as  high  as  "96  has  been  realised.  Now  it  is  a  mistake 
to  suppose  that  for  a  synchronous  motor  the  power-factor 
is  always— perhaps  I  should  say  is  ever — unity.  It  depends 
upon  the  field  excitement  and  upon  the  adjustment  of  the 
E,M.F.  curve  of  the  motors  to  that  of  the  generators.  I 
have  found  great  difference  in  the  power -factoi  ol  z.  va.cito^ 
ucotdingly  as  it  is  put  on  the  Blackheath  SuppV-Y  Com^^vq*  ^ 
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mains  or  our  own  mains  at  Charlton,  and  in  the  synchro- 
nous motor  of  a  motor-generator  it  may  easily  be  below  '95, 
My  contention  is  that  with  respect  to  synchronous  versus 
non-synchronous  motors  for  sub-stations,  this  matter  has  in 
some  instances  been  decided  too  hastily,  since  reflection 
would  have  shown  that  the  inherent  simplicity  of  the 
non-synchronous  motor,  coupled  with  its  extreme  reliability, 
would  have  more  than  compens^ated  for  a  possibly  slightly 
lower  power-factor. 

The  power-factor  in  the  generating  station  may  be 
higher  than  the  power -fact  or  of  the  motor-generators  due 
to  the  condenser  effect  of  underground  mains.  In  all 
probability  this  fact  will  be  demonstrated  very  clearly  by 
and  by  in  the  case  of  various  power  schemes.  In  America 
a  firm  making  two-phase  motors  supplies  a  couple  of 
condensers  as  part  and  parcel  of  the  equipment,  these 
providing  the  wattless  current  for  the  motors,  which  con- 
sequently take  a  power  current  only  from  the  mains.  Well 
the  underground  mains  are  condensers  ready  to  hand, 
and  though  they  will  not  be  able  to  supply  all  the  wattless 
current  to  the  motors,  they  may  supply  a  good  proportion 
of  it  Suppose,  for  example,  that  1,000  H,P,  is  transmitted 
to  induction  motors  twenty  miles  away,  at  a  pressure  of 
15,000  volts  through  a  three-core  cable.  The  wattless 
capacity  current  of  the  line  will  be  about  equal  to  the 
wattless  induction  current  of  the  motor,  ^d  the  station 
will  consequently  in  this  case  supply  power  current  only- 
In  any  case  the  capacity  of  the  mains  raises  the  power- 
factor,  and  if  we  suppose  that  the  voltage-drop  in  a  hne 
having  no  capacity,  with  a  power- factor  of  unity,  were 
fifteen  per  cent,  the  additional  drop  due  to  the  idle  motor 
current  would  at  the  worst  not  exceed  one  and  a  half 
per  cent.  In  a  line  with  capacity  this,  as  we  have  seen, 
is  reduced.  We  cannot  get  rid  of  the  capacity  current ; 
that  we  must  have,  and  the  best  we  can  do  is  to  arrange 
matters  so  that  the  generators  do  not  have  to  supply  it. 
Working  synchronous  motors  in  such  a  way  as  to  achieve 
this  unfortunately  means  increasing  the  "go  back  upon 
you"  tendency,  while  induction  motors  take  the  capacity 
current  naturaliy.  It  might  pay  to  actually  increase  the 
capacity  current  for  induction  motors^  provided  the  gene- 
rators  were  not  called  upon  lo  supp\>f  HV.   l^c^NHY^^V^ts.^vcv'^ 
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many  failures^  I  have  hopes  that  really  reliable  condensers 
for  the  purpose  of  supplementing  capacity  in  such  cases 
will  yet  be  obtainable. 

It    is    only    in   exceptional    cases    that    real   need   for 
conversion  arises.     With  our  present  equipment  it  is   for 
street    tramways  imperative,   as   we    have    no  alternating- 
current   machinery   quite  suitable.     But   for  general    dis- 
tribution for  light  and  power  it  is  unnecessary,  as  thi:^  can 
oe    effected   equally   well    by   polyphase    currents.     What 
is  going  on  as  regards  alteration  in  the  mode  of  supply  in 
easting  undertakings  must  betaken  as  no  criterion,  however, 
of  what  should  be  done  were  we  to  start  de  novo*     Single- 
phase  supply  cannot  be  changed  to  3-phase  on  account  of 
J^ains  already  laid,  though  the  change  to  2-phase  is  easy. 
Lliis  change  has  already  taken  place  at  the  Leeds,  Sheffield 
^nd  other  stations,  and  no  doubt  many  more  will  follow 

suit. 

With  these  remarks  I  bring  this  somewhat  lengthy 
paper  to  a  conclusion.  Referring  to  the  last  tour  of  the 
Institution,  of  German  methods  and  German  thoroughness 
i^uch  might  be  written,  but  the  Visit  Committee  have  dealt 
to  some  extent  with  these  matters  in  their  reports.  I 
Cannot  finish,  however,  without  acknowledging  my  in- 
debtedness to  Herr  Dolivo-Dobrow^olsky  for  the  kindness  I 
received  at  his  hands  while  in  Berlin.  Every  member  who 
w^ent  on  torn;  will  acknowledge  that  in  answering  the 
countless  questions  put  to  him,  Dobrowolsky  showed  his 
patience  to  be  as  inexhaustible  as  his  genius. 


V 
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NOTES  ON  THE   MANUFACTURE  OF  LARGE 
DYNAMOS  AND  ALTERNATORS. 

By  Ernest  Kilburn  Scott,  Member. 

Part  I.— Dynamos. 

In  Part  I.  of  the  following  paper  the  writer  proposes  to 
consider  some  of  the  principal  details  which  go  to  make  up 
the  modern  multipolar  dynamo,  and  then,  after  giving  data 
as  to  the  sizes  for  given  outputs,  etc.,  to  pass  on  to  Part  IL, 
which  deals  in  a  somewhat  similar  manner  with  the  design 
of  multiphase  alternators.  As  the  ground  to  be  covered  is 
a  very  wide  one,  the  writer  hopes  that  readers  will  excuse  the 
paper  being  rather  disjointed. 

General  Contour. 

In  these  competitive  days  the  introduction  of  pleasing 
curves  into  a  dynamo  machine  is  an   important  matter. 
The  effect  of  beauty  of  form  and  finish  was  well  exemplified 
at   recent  exhibitions  where  machines,  otherwise  well  de- 
signed, failed  to  attract  attention,  because  of  their  crude, 
inartistic  lines,  or  from  being  badly  finished  and  painted. 
In  this  matter  of  appearance  the  contour  and  construction 
of  the  yoke  is  perhaps  the  most  important   item.     When 
multipolar  machines  were  first   introduced,  the   yoke  was 
usually  polygonal-shaped,   and  very  ugly.     Now  it  is  the 
practice  to  make  it  circular,  with  well-rounded  curves  i^ 
cross-section;   and  it  might  be  mentioned  that  the  latter 
method  has  the  advantage  that  the  yoke  can  be  swept  up 
with  a  strickle  and  so  save  much  pattern  making.     Fro^ 
the  magnetic  point  of  view  cast  steel  is  the  best  material  to 
use,  but  the  yoke  may  very  well  be  of  cast  iron  with  the 
poles  cast  in  (see  Fig.  i).     The  extra  section  given  by  the 
cast   iron    is   of  advantage  in  giving  greater  stiffness,  an^ 
where   there   is  considerable  variation  in  load,  as  in  trac- 
tion work,  the  magnetism  of  good  cast  iron  responds  more 
quickly  than  do  the  cheaper  qualities  of  cast  steel.^ 

*  A  kind  of  cast  wrought  iron  made  from  melting  scrap  wrought  iron 
with  about  6  per  cent,  of  aluminium  to  make  it  fluid  has  been  much  used  in 
America,  and  one  of  the  German  Arms  employ  a  compound  magnetic  circuit 
made  by  licating  wrought-iron  slabs  to  redness  and  then  running  them  round 
with  cast  iron  to  the  exact  contour  required.    When  turned  out  of  the  sand 

no  wrought  iron  is  visible,  aud  U\vi  \.oo\vw^\^A\iou\.\!wi  ^^me  as  for  an  ordinary 

casting. 
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It  is  novVj  however,  becoming  quite  easy  to  obtain  excel- 
lent magnet  steel  at  reasonable  prices  and  in  good  time, 
and  on  this  account  cast  steel  is  being  used  for  quite  small 
machines,  the  poles  being  cast  solid,  with  the  yoke  so  tliat 
only  pole-shoes  are  required  to  complete  the  circuit,  as  shown 
in  Fig.  2.  To  remove  a  coil,  only  the  pole-shoe  needs  to  be 
taken  otT,  which  is  much  simpler  than  removing  a  hea\'y 
pole-piece.  Absolute  equality  of  material  forming  the 
magnetic  circuit  is  one  of  the  most  important  things 
to  aim  at,  and  for  this  reason  the  writer  prefers  having 
the  poles  solid  with  the  yoke,  the  latter  cast  in  one  piece 
and  afterwards  cut  through  by  cold  saw  or  slotting  machine 
to  form  the  two  halves. 

Yokes  are  generally  divided  along  the  horizontal  centre 


I 

I 


Hne,  but  some  generators  are  divided  vertically  (the  i,8oo- 
k.w.  Westinghouse  machines  at  Bankside  are  so  arranged) 
so  that  the  two  halves  can  then  be  withdrawn  sideways  for 
inspection  of  armature  or  field  coils.  There  are  advantages 
in  this  construction,  and  yet  on  the  other  hand  the  extra 
room  required  would  appear  to  cut  down  the  amount  of 
plant  which  can  be  placed  on  a  given  ground  space* 

Poles. 

Circular  section-poles  were  introduced  on  some  of  the  first 
multipolar  machines  made  in  this  country,  and  are  now  much 
used  because  they  give  the  shortest  mean  turn  of  field  coppen 
(It  isof  coursenowgenerallyrecognised  that  the  field-winding 
must  be  as  close  up  to  the  nose  of  the  pole  as  possible  so 
as  to  reduce  leakage  and  distortion  of  lines  in  the  air-gap*) 
The  modern  tendency  to  reduce  the  uurob^ix  qI  ■A.\\^'aioact^ 
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slots  to  as  few  as  possible,  calls  for  lamination  of  the  pole 
surface  to  prevent  undue  eddy  current  loss.  The  bolting 
on  of  an  entirely  laminated  pole  is  a  somewhat  awkward 
business,  the   method   generally   adopted^  being   to  build 


Fig.  3. — Method  of  Bolting  Laminated  Pole  to  Yoke. 


^y^m^:/^ 


.-J-^ 


Fu;.  4. — Sketch  showing  Method  of  attaching  Poles  to  Yoke,  also  the 
unequal  Air-gap  of  a  Siemens  and  Halske  Dynamo,  1,000  k.w.,  55° 
volts,  95  revolutions. 

up  the  poles  round  a  solid  steel  bar,  as  shown  in  Fig.  3* 
The  Oerlikon  Co.  cut  a  vee  groove  in  the  root  of  the  pole, 
into  which  a  double-shanked  bolt  is  pressed.  Siemens  and 
Halske,  of  Vienna,  have  used  the  method  shown  in  Fig.  4' 
the  poles  having  projections  where  they  bear  against  the 
inside  of  the  yoke,  being  held  in  position  by  wedge-shaped 
packing  pieces.     As  lamm^Wow  \'t>  Y^-aW^  o^V^  x^o^ired  at  the 
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Ho  the  centre,  because  in  the  middle  of  the  pole  the  air-gap 
should  be  as  short  as  possible* 

Another  object  in  cutting  back  the  pole  tips  is  to  enable 
the  armature  coils  to  enter  and  leave  the  field  by  a  gradual 
transition,  and  naturally  if  the  reluctance  under  the  horns 
is  increased,  the  Hoes  are  compelled  to  distribute  themselves 
more  gradually.  Probably  the  best  method  to  insure  the 
conductors  leaving  a  field  of  force  and  entering  another 
gradually,  is  to  shape  the  polar  surfaces  diagonally,  as  shown 
in  Fig-  8.  Both  Ganz  and  Schuckert  have  adopted  this 
method.  Some  firms  place  a  thin  cast-iron  Hner  or  barrel 
right  round  the  armature*    At  first  sight  one  might  think 


1¥ff~ 


--j^-^ 


Fig,  g. 


■that  this  would  short-circuit  too  many  lines  of  force.  It  is 
W  found  in  practice,  however,  especially  with  the  slotted  form 
of  armature,  that  the  waste  of  lines  of  force  is  much  more 
than  covered  by  advantages  gained.  It  gives  a  more  equal 
distribution  of  magnetic  lines  in  the  air-gap  ;  good  support 
to  the  magnet  coils ;  and  certainty  of  the  top  half  of  the 
f  yoke  coming  down  into^  its  exact  position  after  temporary 
removal*  In  order  to  keep  the  short-circuiting  effect  as 
low  as  possible,  the  liner  should  be  relatively  thin  and  made 
with  a  series  of  slots  midway  between  the  pole  horns ;  the 
iron  ribs  being,  of  course,  always  saturated,  leakage  is  not 

t  serious. 
Armature  Hub. 
A  feature  of  recent  armature  hub  design  has  been  the 
transference  of  the  driving  stresses   direct^  '\t:\sWi1^  ol  Vf  ^ 
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shaft  and  key.  It  is  clear  that  whether  the  engine  is  of  the 
high-ispeed  vertical  type,  or  the  horizontal  slow-speed  with  a 
heavy  flywheel,  it  is  well  to  transfer  the  turning  effort  to  the 
armature-core  and  conductors  in  as  direct  a  manner  as 
possible.  The  old  method  of  having  a  half  coupling  on 
the  armature-shaft  is,  therefore,  giving  way  to  the  design 
in  Figs.  2  and  21,  or  in  case  of  a  dynamo  built  directly  on 
the  engine  crankshaft,  the  hub  is  bolted  up  directly  to  the 
flywheel  arms,  as  indicated  in  Fig.  22-  In  the  same  way  it 
is  now  best  practice  to  bolt  or  fix  the  commutator  to  the 
armature  hub,  and  not  key  it  separately  to  the  shaft  as  here- 
tofore. Relative  movement  between  armature-conductors 
and  commutator  segments  is  thus  less  likely  to  occur. 

For  preventing  shrinkage  strains  in  casting  the  hub, 
the  writer  prefers  the  method  shown  in  Fig<  22,  it  having 
the  advantage  over  a  solid  boss  and  separated  arms  that  the 
shrinking-rings  assist  in  securing  the  hub  to  the  shaft. 

Rigid  support  should  always  be  given  to  the  ends  of  the 
armature-conductors  by  cast-iron  cheeks  bolted  to  the  core, 
and  if  these  castings  are  made  as  in  Figs.  9,  19,  and  21,  the 
extra  magnetic  leakage  is  inappreciable.  By  a  little  care  in 
arranging  the  arms,  the  hub  may  be  made  into  a  fairly 
efficient  fan  to  draw  air  forward  and  pass  it  through  the 
ventilating  ducts. 

The  Armature  Core, 


I 
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Most  armature  discs  are  still  stamped  out  by  power 
presses,  although  the  best  work  is  undoubtedly  done  by 
cutting  them  off  in  a  lathe  fitted  with  bevelled  cutting 
wheels,  fed  forward  to  a  stop  as  shown  in  Fig.  10.  Absolute 
concentricity  of  ih(^  holes  and  the  periphery  is  thus  ensured, 
and  the  burr  can  be  taken  off  with  a  file  as  the  disc 
revolves.  By  this  means  also  any  size  armature  disc  can 
be  made  without  incurring  the  great  expense  of  punching 
tools.  For  example  it  is  very  convenient  to  be  able  to  cut 
a  few  plates  say  one-eiglith  inch  smaller  in  diameter  for  the 
binding  wire  to  rest  in.  Again  in  slotted  armatures^  if  the 
end  core  plates  are  unsupported,  there  is  a  tendency  for 
them  to  bend  over  and  give  a  very  straggling  appearance^ 
besides  being  dangerous  electrically.  The  best  way  to 
obviate  this  is  to  cut  the  stampings  gradually  smaller  and 
smaller  in  diameter  for  a^bout  \  u\c\\»^o  Ih^t  the  corner 
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gradually  rounds  off  to  the  bottom  of  the  slot.  When  the 
plates  are  cut,  this  is  easily  arranged.  Another  reason  for 
cutting  armature  core  plates  instead  of  punching  them  is 
that  the  latter  tends  to  increase  the  hysteresis  loss. 

The  point,  at  what  diameter  to  leave  off  using  complete 
discs  and  to  begin  building  up  in  segments,  is  one  upon 
which  opinions  are  divided.  The  writer  has  known  single 
discs  to  be  used  for  armatures  as  large  as  five  feet  in 
diameter,  and  there  is  this  to  be  said  for  such  a  practice, 
that  the  single  discs  are  cheaper  to  assemble  and  secure. 

Speaking  generally,  however,  segments  are  preferable  for 
armatures  larger  than  say  3J  feet  in  diameter,  as  large  discs 

of  the  slotted  type  are 
liable  to  cockle  in  an- 
nealing, and  set  the  teeth 
askew. 

Mild  sheet  steel,  such 
as  is  used  for  armature 
stampings,  is  often 
slightly  thicker  in  the 
middle  than  at  the  edge. 
Taken  singly  the  differ- 
ence is  barely  percep- 
tible, but  where  many 
hundreds  of  plates  are 
pressed  together  to  form 
a  core,  the  inequality  will 
show  itself  unless  care  is 
taken  in  punching  the 
discs  so  that  when 
threaded  on  the  shaft  the 


Zfoc  Segment  of  Ammtiure. 


Fi«.  1 1.— Methods  of  attaching  Arma- 
ture Segments  tt)  Hub. 


inequality  of  one  plate  balances  that  of  the  next. 

If  core  plates  are  in  one  piece  they  can  be  driven  by 
steel  keying  bolts  half  in  the  core  and  half  in  the  hub,  as 
shown  in  Fig.  9,  whereas  segments  must  either  be  held  by 
bolts  ri^^ht  through  the  core,  or  else  have  dovetailed  pieces 
on  the  inner  periphery  as  shown  at  A  in  Fig.  11.  Another 
nietliod  is  to  employ  straight  slots  with  bolts,  as  shown 
at  C.  American  practice  is  to  have  the  segments  short 
and  punch  them  out,  teeth  and  all,  at  one  blow,  but  on 
nccount  of  the  labour  of  assembling  it  is  just  a  question 

nicr  a  long  segment  is  \\o\  \V\^  ^^^'^X.    Ol  ^^\ix%^,  a  long 
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segment  must  necessarily  be  cut  and  held  by  bolts  right 
through  the  core  or  else  by  vee  notches  on  the  inner  peri- 
phery zs  shown  at  B  hi  Fig.  ii.     Where  the  core  plates  are 
held  by  bolts  it  is  usual  to  make  the  bolls  fit  tightly  into 
the  end  castings.     Mr.  Ravenshaw  has,  however,  adopted 
an  endless  chain  construction  for  the  8oo-k.w.  dynamos  in 
the  Leeds  Tramway  station,  in  that  the  bolts  are  rhymered 
to  a  tight  fit  in  the  core,  but  are  made  to  clear  where  they 
pass  through  the  end  plates.     The  core  is,  therefore,  like  an 
endless  chain,  the  bolts  forming  the  puis  of  the  links.     Of 
course  the  core  is  screwed  up  tight,  plate  to  plate,  and  is 
driven  on  the  inner  periphery  by  keys.    A  curious  fact  in 
connection  with  the  wear  of  armature  core  plates  is  that 
they  tend  to  get  slack  radially  and  not  circumferentially. 
Unless  milled  out  from  the  solid,  slots  must  of  course  be 
punched,  and  machines  for  this  purpose  have  been  developed 
which  will  punch  as  many  as  eight  slots  at  a  time,  the  feed 
being  automatic.     The  burrs  of  the  teeth  are  removed  by 
an  emery  wheel.     In  some  cases  it  is  the  practice  to  punch 
nut  the  slots  slightly  small,  and  then,  after  building  up,  to 
fcean  out  the  grooves  with  a  milling  cutter. 
I      Some  manufacturers  place   great   importance    on    the 
Burning  up  of  the  laminated  iron  after  it  has  been  assembled, 
and  this  being  so,  not  nearly  so  much  care  need  be  taken  in 
unching  out  the  plates  or  segments  in  the  first  instance, 
lotted  dynamo  armatures  are  tackled  by  cutting  the  plates 
little  too  large  and  punching  out  tunnels ;  the  assembled 
ore  is  then  turned  up,  and  finally  the  top  of  each  tunnel  is 
ilied  out  and  so  converted  into  a  slot.     Such  machining 
ends   to  burr  the   plates  over  and  increase  eddy  current 
loss  ;  the  burrs  may,  however,  be  removed  by  treating  the 
rface  with  a  solution  of  sal-ammoniac.     The  passage  of 
e  air  from  the  centre  radially  to  the  periphery  of   the 
mature  is  frequently  provided  for  by  inserting  webbed 
;un-metal    castings    at    intervals    in    the   core.      Another 
ethod  is  to  rivet  small,  washers  to  one  of  the  side  plates, 
whilst  another  consists  in  using  a  steel  plate  about  ^^  inch, 
bnd  punching  small  circular  depressions  in  it  say  ^  inch 
^eep,  these  serving  as  distance  pieces  between  the  adjacent 
lates  of  the  ventilating  space.     The   teeth  are  held  apart 
>y  punching  projections  in  the  periphery  of  this  plate  and 
rnmg  them  half  round. 
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Insulation  of  Core  Plates. 

There  is  much  difiFerence  of  opinion  as  to  how  core 
discs  should  be  insulated.  Some  advocate  paper  or  japan, 
others  are  of  opinion  that  the  oxide  coating  which  covers 
the  steel  during  the  annealing  process  is  sufficient  It  is 
quite  certain  that  in  time  both  paper  and  varnish  tend  to 
become  powdery  and  drop  out  on  account  of  the  vibration 
and  the  constant  heating  and  cooling,  and  the  core  loss  is 


Brush  for 


Fig.  12. — The  Stolberg  Paper  pasting  Machine. 

thus  liable  to  increase  by  the  plates  coming  in  contact. 
It  has  been  suggested  to  paint  the  plates  with  a  plumbago 
and  water  mixture,  and  then  polish.  Obviously  the  greater 
the  nett  sectional  area  the  greater  the  output  for  a  given 
sized  carcase,  and  from  this  point  of  view,  oxide  coating  is 
best.  For  plates  '014  inch  thick  the  ratio  of  the  nett  iron 
section  to  the  total  cross  section  is  about  as  follows  : — 


Insulated  with  paper 

87  per  cent, 

„    japan 

90 

„          „     oxide 

93 

U  varnish  or  japan  is  used  it  is  advisable  to  dip  the 
plates  overhead  in  the  ^apatv  ^lYvd  \!cv^Tv>^^'=>'=.\^^\sv\i^t.^een 
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rubber  rolls,  as  by  this  means  the  plates  are  evenly  covered 
on  both  sides  in  one  operation,  and  only  halt"  the  total 
number  need  go  through  the  rolls.  Sometimes  rollers  are 
arranged  so  that  the  bottom  one  rotates  in  varnish,  and  so 
lays  it  on  the  plates  as  they  go  through.  This  is  a  rather 
cleaner  operation,  but  it  has  the  disadvantage  that  the  top 
roller  only  receives  its  varnish  from  the  bottom  roller,  and 
as  it  soon  runs  dry  a  large  plate  may  not  be  evenly  covered. 
When  the  plates  are  large  they  may  be  tackled  by  laying 
on  the  japan  or  varnish  or  paper  pulp  with  a  pneumatic 
sprayer.  This  method  is  particularly  handy  where  there 
are  a  very  large  number  of  teeth,  as  the  latter  are  very  liable 
to  be  bent  or  torn  off* 

Where  wood  pulp  paper  is  used  as  insulation  the  papers 
should  not  be  threaded  on  separately,  as  it  wastes  much  time* 
Sometimes  the  paper  sheet  is  gummed  to  the  plate,  but 
this  gives  inequality  of  insulation,  and  the  superfluous  paper 
has  to  be  burnt  or  punched  out  of  the  slots.  The  best 
practice  is  to  paste  the  paper  on  to  the  sheet  by  the  machine 
shown  in  Fig,  12,  The  paste  is  made  from  starch  dissolved 
in  cold  water,  boiling  water  being  added,  and  the  mixture 
stirred  to  a  medium  consistency.  It  is  laid  on  the  rough 
side  of  the  paper. 

Shape  of  Slot.  1 

The  best  shape  of  slot  or  tunnel  is  not  so  much  a 
question  of  electrical  dimensions  as  of  machining,  insulating 
and  holding  the  conductors  in  position  against  centrifugal 
force.  Half-open  slots,  as  A  in  Fig.  13,  unfortunately  cannot 
be  used  for  dynamos  when  the  usual  barrel  winding  is 
employed.  The  writer,  however,  indicates  below  a  method 
of  getting  over  the  difiiculty.  Slots  B,  C,  D,  etc.,  give 
the  necessary  opening  space  to  enable  soUd  conductors 
to  be  put  in  from  the  top.  For  small  diameter  armatures 
the  usual  practice  is  to  have  the  slot  parallel  and  to  hold 
the  conductors  in  position  by  ordinary  piano  wire  binding 
carried  in  depressions  in  the  core,  care  being  taken  not  to 
soider  the  bands  right  across.  In  large  machines,  however, 
say  of  above  4  or  5  feet  diameter,  these  bindings  are  not 
sufficiently  mechanicah  Sometimes  broad  bands  ot  dell-a. 
metal  are  employed,  the  ends  being,  collated  \.Qi^^^\ex  \^^  ^ 
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neat  manner.  The  wedge  method  shown  in  B  and  C  is 
good,  an  objection  to  B  being  that  it  is  rather  difl&cult 
to  drive  the  wooden  wedges  in  from  the  ends,  whereas  in 
C  the  slot  has  a  groove  on  either  side  for  the  wood  to  rest  in, 
and  it  is  therefore  much  more  easily  fitted.  There  is,  how- 
ever, the  objection  that  the  wood  is  not  in  the  best  position 
to  resist  pressure  from  centrifugal  action :  very  cross-grained 
wood  should  be  used.     A  parallel  slot  has  the  advantage 
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Fig.  13. 


that  it  can  be  cleaned  out  by  a  milling  cutter,  and  the 
winder  may  see  much  better  what  he  is  doing.  The  writer 
suggests  using  short  buckled  strips  of  German  silver  or 
other  suitable  material,  as  shown  at  E. 

The  simplest  way  to  set  out  the  width  of  slot  and  tooth 
is  to  make  them  about  the  same  width  at  the  periphery,  so 
that  the  slot  being  parallel  the  tooth  is  rather  smaller  at  the 
root.  In  order  to  guard  against  the  teeth  breaking  off  in 
hcind]ingf  etc.,  the  two  corners  at  the  bottom  should  be 
^ounded  out,  and  il  "is  aVso  aw  vv^nvx.xA.vx'^^  V^  vound  oflF  the 


m$,i 


Large  dynamos  and  alternators. 


375 


I 


outer  end  of  the  toothy  as  shown  at  E,  Fig*  13,  as  by  that 
means  eddy  currents  on  (he  pole  face  are  reduced. 

A  somewhat  novel  slot  (see  Fig*  14)  is  used  in  the 
Bergman  machines.  The  curvature  admits  of  the  coils 
being  placed  in  position  more  easily,  whilst  the  air  space 
along  the  centre  of  the  tooth  increases  the  reluctance  of 
the  cross  magnetic  path. 

The  tendency  of  the  future  will  no  doubt  be  to  follow 
traction  motor  design,  and  the  number  of  slots  for  a  given 
diameter  of  core  will  be  much  reduced.  In  the  G.E.  800 
motor  for  example^  there  were  105  slots  with  6  wires  in  each, 
whereas  in  the  more  modern  motor,  G,E,  52  (which  by  the 
way  has  laminated  poles)  there  are  29  slots  with  24  wires  in 
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Fig.  14. 


each.  Ganz  &  Co.  exhibited  a  machine  at  Paris  which,  by 
having  a  litUe  care  taken  with  the  shape  of  the  laminated 
pole-piece,  gave  good  results  with  an  unusually  small  number 
of  slots  for  the  size  of  the  machine. ' 


Winding  of  Armature, 


I  _._. .,.._ 

■  universal,  and  it  may  be  interesting  to  note  that  it  was  first 
Hintroduced  into  practical  work  by  Parsons,  on  the  original 

^B  '  In  \h.^Eli^ctrot€€hnischc  Zeihchhft^  for  November  15,  iqoo,  G.  Dettmar, 
^*  of  Hanover,  has  an  iriteresttng  article,  in  which  he  shows  by  actual  experi- 
ments with  iron  filings^  the  disposition  o\  the  lines  of  force  in  the  iiir-gap  of 
dynamos  and  alternators.  He  gives  the  interesting  rule  ttiat  the  distribution 
of  lines  takes  the  form  of  aji  iaosceles  triangle,  of  which  the  height  is  double 
the  base,  »nd  from  this  it  would  appear  that  the  partially  enclosed  slot,  as  in 
Figs.  13  B  and  14,  is  the  best  arrangement.  Clearly  the  effectwe.  -attsvalaa 
surface  for  field  magnetism  should  be  as  large  as  posaVbVt;, 
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turbine  sets  made  by  Clarke,  Chapman  &  Co.  Ordinary 
stranded  cable  was  used,  laid  in  round-bottomed  slots 
milled  in  the  core,  the  cable  being  bent  into  shape  at  the 
end  as  it  was  being  wound  on.  As  the  machines  were  two- 
pole,  the  space  taken  up  at  the  ends  was,  of  course,  rather 
excessive.  When  applied  to  multipolar  dynamos,  however, 
the  barrel  winding  shows  to  great  advantage,  as  the  larger 
the  diameter,  and  the  greater  the  number  of  poles,  the  less 
in  proportion  is  the  space  taken  up  by  the  diagonal  end 
connections. 

When  the  conductor  is  small  in  section  the  coils  may  be 
made  in  one  piece,  the  sharp  bend  at  the  corner  remote 


Fig.  15. 


from  the  commutator  being  turned  on  a  former,  or  if  ^he 
conductor  consists  of  thin  strips  it  may  be  negotiated  by 
folding  the  strip.     Heavy  section  bars,  where  there  is  only 
one   turn   per   segment,  are  generally  arranged  in  halves. 
The  first  layer  is  placed  in  the  slots  with  the  projecting  ends 
turned  at  an  angle  varying  with  the  number  of  poles,  the 
second  layer  is  then  placed  in  position,  and  the  free  ends 
are  sweated  together.     More  joints  are  thus  introduced,  but 
it  makes  a  neat  job,  as  it  is  possible  to  remove  one  of  the 
upper  bars  without  disturbing  any  other  coil,  whilst  a  lower 
bar  can  be  removed  without  disturbing  more  than  one  half 
as  many  coils  as  would  be  necessary  with  the  complete  coil 
made  in  one  piece.    This  is  an  important  matter,  because 
removing  coils  after  t\\e^  V\a\e  >d^^ic\  xwtvyvvcv^  ^ome  time  is 
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very  likely   to   crack   their    insulatton^    and   cause   further 
trouble.     With  series  armature  winding  half  coils  are  par- 

Pticularly  convenient. 
It  may  be  mentioned  that   the  joints  will  give  trouble 
if  not  carefully  made^  as  a  very  slight  movement  circum- 
ferentially  causes  one  bar  to  ride  over  the  other,  as  shown 
dotted  in  Fig*  15,     To  prevent  this  the  writer  has  suggested 
■ieying  the  conductors  together   by  drilHng  a  hole  in  the 
■  jointy  and  filling  with  a  plug  of  solder  or  harder  material. 
So  much  harm  is  done  to  insulation  by  the  continual 
tapping  with  mallets  that  the  writer  thinks  it  would  be  well 
worth   while  to  bend  the  conductors  by  means  of  levers 
shod    with  rollers,  in    much  the    same  way  as  is   used   in 
shaping    Thorney croft    boiler    tubes.     Any   one    who   has 
seen  the  accurate  and  quick  way  in  which  steel  tubes  are  bent 
when  cold  will  recognise  the  great  advantage  there  would  be 
in  applying  the  system  to  bending  armature  conductors.    In 

tFig.  16  the  writer  has  sketched  a  suitable  arrangement. 
'  It  does  not  appear  to  have  occurred  to  any  one  that  it  is 
quite  unnecessary  to  bend  both  ends  of  each  conductor. 
Clearly  it  would  be  much  cheaper  and  more  satisfactory 
from  an  insulation  point  of  view  to  bend  the  conductor  at 
one  end  only  as  shown  in  Fig.  17,  In  this  way  it  could  be 
slipped  through  the  micanite  tube  from  one  end  of  the 
tunnel  J  and  the  present  unsatisfactory  wedges,  piano  wire 
bindings,  etc.,  done  away  with  altogether.  As  the  micanite 
tube  could  fit  tight  in  the  slot  no  wedge  would  be  required, 
and  it  will  also  be  noticed  that  the  micanite  tube  can  in  this 
case  be  carried  right  along  to  the  end  of  the  straight  bar,  only 
the  bent  portion  being  taped.  The  writer  further  suggests 
that  one  end  of  the  conductors  be  held  against  centrifugal 
force  by  the  end  ring  F,  as  in  Fig,  9,  and  the  other  end  by 
the  upright  of  the  commutator  segment  being  bent  over  and 
riveted. 


Internal  Circulating  Currents, 


P  Exception  has  often  been  taken  to  the  parallel- wound 
armature,  because  unless  the  armature  is  in  true  magnetic 
balance  some   of  the   circuits   may  generate  current  at  a 

_higher    pressure  than  others,   causing  internal   circulating 
currents.     Unequal  air-gaps  or  poles  will  also  cause  this. 
Connecting  the  iieJd  coils  in  two  pataVMs,  ^q'?^  ^^x'a. 
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the  spindle  in  series  and  those  below  the  spindle  in  another 
series,  enables  a  certain  amount  of  adjustment  to  be  made  to 
counteract  wear  in  the  bearings,  but  great  care  must  be 
taken  or  else  unbalancing  will  result  from  the  conductivities 
of  the  two  halves  not  being  equal  at  all  temperatures. 

By  building  the  dynamo  with  connections  as  for  a 
rotary  converter,  that  is  to  say,  connecting  equipotential 
points,  it  is  said  that  the  unbalancing  and  uneven  pull 
largely  disappears.  See  B.  G.  Lanimes'  English  patent  No. 
28736  of  1896.1 

TheWestinghouse  Company  have  employed  the  method, 
but  their  more  recent  machines  are  provided  w^ith  special 
conductors  at  the  bottom  of  some  of  the  slots,  one  end  of 


FiCt.  17. — Conductor  &  bent  at  owe  tnd  only  to  pass  through  Ttinnels. 
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such  conductor  being  connected  through  to  the  commutator 
and  the  other  to  a  short-circuiting  ring,  the  number  of  such 
rings  varying  with  the  number  of  poles.  These  special 
conductors  are  also  said  to  prevent  surging  of  the  magnetism 
in  the  field  circuit. 

The  winding  most  generally  adopted  by  Continental 
makers  is  that  known  as  the  Arnold  series  parallel  winding. 
(See  Fig.  18.)  In  the  ordinary  parallel  winding  it  will  be 
remembered  that  the  numbers  of  slots  and  commutator 
segments  must  be  even,  whereas  in  the  series  winding  the 

T  The  argumetil  is  that  hy  being  ci'Oi?ii-connected  at  two  or  three  points  of 
equal  potential  per  pole^  the  winding  under  each  pole  is  thus  pmctically  as 
in  a  synchronous  alteniating-eurrent  motor^  and  the  cross-toimec Lions  allow 
magnetising  currents  to  flow  from  pole  to  pole  to  mutualJy  adjust  the  fteld 
strength  just  as  occurs  when  sj'nchronous  alter nate-ciir rent  machines  are 
connected  in  paralleL  In  order  to  be  able  to  do  this^  the  number  of  com- 
mutator segments  for  a  multiple  circuit  winding  must  b^  "^  TOlmV^A^X^i  tjV  v^t 
number  0/  poles. 
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numbers  must  be  odd.  In  the  Arnold  series  parallel  wind- 
ing the  slots  and  segments  are  even^  the  winding  being 
a  re-entrant  series  winding  with  an  even  number  of  slots 
and  segments.  In  commencing  at,  say,  a  positive  bmsb 
and  going  completely  round  the  armature,  the  conductor 
doe*^  not  arrive  at  the  segment  next  to  the  one  started  from 
as  in  an  ordinary  series  winding,  but  finishes  at  a  segment 


The  Arnold  Series  ParnlJel  Armature  Wntding. 


somewhere  near  to  the  next  negative  brush.  The  only 
objection  to  the  winding  is  that  certain  ratios  must  be 
observed  between  the  number  of  poles  and  the  number  of 
slots ;  on  the  other  hand  it  has  the  great  advantage  that, 
although  a  series  winding,  there  may  be  as  many  brushes  as 
poles,  or  only  two  sets  of  brushes,  as  in  plain  series  winding*' 


*  Most  of  the  Continental  machines  given  in  Table 


below   have  the 


190S." 


LARGE   DYNAMOS  AND   ALTERNATORS. 


381 


Fig*  19, — Slow-Spted  Dynamo,  1^000  k.w.,  S5  revolutjons. 


Another  method  of  equalizing  the  magnetic  circuit  is  for 
the  pole  shoes  to  be  bolted  up  to  iron  rings^  all  Norths  to 
one  and  Souths  to  another.  The  shoes  fit  close  to  tke 
poles  J  and  the  .section  of  each  ring  hz2X%  3t  4&^\v\\.<e^  x-a^xoi 
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to   the   rest   of  the   magnetic   circuit     The  brush  ring   i^l 
raoonted  on  one  of  the  pole  rings^  and  there  is  an  arrange- 
ment whereby  the  pole  shoes  can  be  adjusted  in  a  rotary 
direction. 

It  is  now  a  common  practice  in  large  output  parallel- 
wound  machines  to  keep  the  conductors  down  to  a  reason* 
able  size  by  having  two,  three,  four,  or  more  circuits.     This^ 
gives   two   or  more  commutator  segments  all  at  the  sam^^f 
voltage,  and  the  brushes  span   many  segments  instead  of^ 
only  covering  a  little   more  than  one,  as  in  single-wound 
armatures*     The  length  of  the  commutator  is  thus  decreased 
for  a  given  current  output.     Multiplex  armature  windings  as 
it  is  called,  practically  changes  an  unwieldy  conductor  into 
several  smaller  conduct ors,  and  the   eddy  current  loss  is 
reduced.     As  the  commutator  bars  of  one  winding  are  not 
adjacent  to  each  other,  but  alternate  with  the  bars  of  the     i 
other  windings,  there  is  not  so  much  risk  of  a  section  bein^H 
short-circuited.     Multiplex  winding  is  especially  useful  where 
a  dynamo  is  built  for  230  volts  and  requires  altering  after- 
wards to  460  volts,  whilst  for  very  large  outputs  the  method 
becomes  a  necessity  on  account  of  commutation. 


Commutators. 


pport^ 


If  commutators  are  not  provided  with  a  solid  support 
on  the  inner  side  of  the  segments  a  blow  on  the  surface  may 
produce  a  flat.  The  trouble  arises  partly  from  the  difficulty 
there  is  in  getting  metal  segments  and  mica  strips  exactly 
to  gauge,  and  also  because  when  the  parts  are  clamped 
together  and  the  inner  surface  bored  out  it  is  hit  or  miss 
whether  the  segments  fit  tightly  on  to  the  insulation.  The 
skill  of  the  workmen  enters  largely  into  successful  commu- 
tator construction.  ^M 
Undoubtedly  the  best  way  of  holding  commutator  seg-^B 
ments  is  by  vee-shaped  micanite  rings,  which  are  now 
readily  obtainable  in  standard  sizes.  For  the  mica  between 
segments,  continuous  strips  are  better  than  built-up  mica, 
for  one  reason  because  in  building  up  the  latter  there  is 
danger  of  getting  conducting  particles  in  between  the 
laminations.  Of  the  many  qualities,  only  soft  amber  mica 
IS  suitable  for  strips,  which  are  cut  from  the  solid,  as  at  the 
usual  thickness  of  '03^^  ot  an  Vv\e\v^  *iT^ipeV\^\\c^  ^Vv^^s  that 
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imber  mica  wears  down  at  about  the  same  rate  as  hard- 
rolled  or  drop-forged  copper.  Built-up  mica  wears  down 
more  quickly,  and  therefore  the  many  varieties  of  harder 

rca  may  be  used  in  its  construction. 
Much  trouble  has  been  caused  by  the  commutator  lugs 
snapping  off  short  at  the  commutator  bar,  and  in  order  to 
insure  against  this  it  is  now  usual  to  key  the  commutator  as 
a  whole  on  to  a  projection  of  the  armature  hub  so  as  to 


Coil'  temg 


Bobbin  of 
tape. 


Fig.  20, — Machine  for  Taping  Closed  Coils. 

fevent  them  moving  relatively^  expansion  of  the  lug  being 
Bso  provided  for  by  slightly  buckling  it  midway  in  its 
length.  In  some  cases  where  dynamos  have  been  driven  by 
high-speed  steam  engines,  the  breaking  of  commutator  lugs  has 
been  traced  to  a  periodical  vibration  set  up  by  the  cranks, 
tlie  armature,  and  the  barring  flywheel  j  in  fact,  it  was  this 
which  led  Messrs.  Willans  and  Robinson  to  insist  on  the 
barring  wheel  of  their  engine  being  bolted  up  direct  to  the 

riature  hub,  as  shown  in  Figs.  2  and  21. 
A  featiire  of  many  foreign  machines  is  that  the  comtavit-a.- 
or  lugs  are  made  0/  high  resistance  meta\,  suc\\  ^'s  Qj^t^soa 
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silver,  Rheotan,  etc.,  the  idea  being  to  assist,  sparkless 
reversal.  Other  makers  use  quite  small  section  flexible 
connections  from  the  armature  conductors  down  to  the 
commutator  segments,  so  introducing  resistance,  and  also 
ensuring  that  the  connections  shall  not  be  broken  by 
vibration. 

It  is  also  becoming  quite  common,  on  the  Continent 
especially,  to  fasten  the  armature  connection  to  the  commu- 
tator segment  by  means  of  steel  grub  screws  and  so  dis- 
pense with  solder.  A  conductor,  quarter-inch  diameter, 
will  have  as  many  as  three  grub  screws,  each  half-inch 
in  diameter,  to  hold  it  in  position. 

In  some  machines  special  efforts  are  made  to  keep  the 
commutator  cool.  For  example,  the  dynamos  in  the  Luis- 
enstrasse  Station  in  Berlin  are  fitted  with  a  small  electrically 
driven  air  blast,  which  also  removes  any  copper  and  mica 
dust  from  the  armature,  etc.  Some  of  the  Schuckert  and 
Lahmeyer  dynamos  have  slots  cut  right  through  the  seg- 
ments to  allow  air  to  circulate  through. 

Commutators  for  large  output  machines  which  are 
coupled  to  high-speed  engines  must  of  necessity  run  at  very 
high  peripheral  speeds.  In  some  such  cases  sparking 
difficulties  have  been  experienced,  but  they  do  not,  however, 
appear  to  be  due  to  the  fact  that  at  high  speeds  good  com- 
mutation is  impossible,  but  to  deficient  mechanical  design. 
There  is  no  reason  why  dynamos  of  i,ooo  k.w.  and  upwards 
should  not  be  built  for  coupling  to  Belliss,  Willans,  or  other 
similar  engines  if  the  commutator  be  built  with  its  hub  of 
cast  steel  and  the  commutator  sections  of  high  drawn  copper 
made  of  buckled  section  so  that  the  adjacent  segments 
support  each  other.  Such  a  commutator  pressed  up  in 
a  hydraulic  wheel  tyre  press  will  be  equal  to  anything 
reasonable  in  the  way  of  high  peripheral  speed. 

Brush  Gear. 

The  question  of  the  design  of  carbon  brush  holders 
presents  quite  a  little  problem  in  itself,  but  as  it  has  been 
dealt  with  at  considerable  length  elsewhere  (see  Parshall 
and  Hobart's  *'  Electric  Generators,*'  Fischer-Hinnen's 
''Continuous  Current  Dynamos,"  the  writer's  articles  in  the 
Klccirical  Rcvicii\  ApvW  22  ;\v\d  ^Vtv^  ^,  \%^8,  etc.),  it  will 
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be  only  necessary  to  summarise   here  some  of   the  pointi 
which  the  writer's  experience  has  shown  to  be  essential  to_ 
a  good  brush  holder  ; — 
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(a)  The  carbon  block  firmly  fixed  at  the  end  of  a  fairly 

long  arm; 

(b)  The  inertia  of  the  moving  parts  redv\c^A  ds  xxvwO^x 
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as  possible.    This  may  be  effected  by  constructing 
the  holder  of  aluminium  or  sheet  metal. 
(c)  Current  taken  from  the  carbons  by  short  pieces  of 
flexible  soldered  direct*  into  the  blocks. 

f 

Some  makers  arrange  the  carbon  blocks  exactly  square 
to  a  whole  number  of  segments,  and  many  prefer  loose 
carbons  pressed  down  by  a  spring  finger.  These  do  very 
well  for  traction  motor  work,  but  for  dynamos  the  number 
of  separate  blpcks  becomes  considerable,  and  the  chatter 
and  noise  of  loose  carbons  is  too  great,  even  when  they 
are  of  the  ingenious  reaction  type.  There  is  always  a 
considerable  drop  of  volts  with  carbon  brushes,  and  where 
efficiency  is  a  prime  consideration,  as  in  a  dynamo,  the 
current  must  be  carried  as  direct  as  possible  to  the  main 
terminals  by  flexibles  soldered  direct  into  the  carbons. 

A  favourite  method  of  carrying  the  circular  brush  rocker 
is  by  means  of  four  or  more  arms  bolted  to  the  yoke,  but 
the  writer  does  not  like  this  method  for  the  following 
reasons  :  If  the  arms  are  brought  to  the  outer  end  of  the 
commutator  they  cover  up  the  brushes  at  various  points, 
whilst  if  the  arms  are  brought  down  to  the  middle  or  to 
the  inner  end  of  the  commutator  much  space  is  uselessly 
occupied.  Again,  in  case  the  yoke  has  to  be  racked  side- 
ways or  the  top  half  removed,  then  the  whole  of  the  brush 
gear  must  be  unshipped.  Where  it  can  be  conveniently 
arranged  the  writer  considers  that  the  brush  rocker  should 
be  carried  from  a  bracket  bolted  to  the  bearing  casting,  as 
shown  in  Figs.  2  and  19. 

Brush  rocker  rings  and  the  attachments  of  the  spindles, 
etc.,  are  often  too  weak  in  design.  Being  the  only  part 
of  a  dynamo  which  the  station  attendants  have  to  handle, 
everything  about  it  should  be  massive,  and  yet  at  the  same 
time  the  fitting  and  design  such  that  the  brush  adjusting 
gear  can  be  worked  without  appreciable  effort. 

Fig.  19  indicates  this  massive  construction,  and  a  neat 
feature  is  the  boxing  in  of  the  ends  of  the  brush  holder 
spindles  and  connections,  as  well  as  the  two  heavy  copper 
rings  connecting  the  positive  and  negative  sets  of  brushes 
respectively. 

A  feature  which  many  dynamos  lack,  is  an  arrangement 
by  which  the  attendant  m2L>j  livs^  ^ivd  d^^^ess  the  brushes 
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together.      At  a  certain  station,  for  example^  there   is 
i8oo-kilowatt  dynamo    with    20   poles  and  9  separate 
ush  holders  to  eachj  which   makes   180  brushes  in  all — 
any  ot   them  in  an  inconvenient   position.     To  ask  the 
'namo   attendant   to   lift  a!l   these   brushes  separately  is 
iher  too  much,  and  makers  would  no  doubt  find  it  well 
3rth*  while  to  add  the  small  extra  piece  of  gearing  required, 
is  easily  arranged  by  means  of  bell  crank  levers  at  the 
ds  of  the  brush  spindles* 

Electrical  Insulation, 

For  insulating  armature  slots  some  makers  use  layers  of 
ess-spahn  (a  red  coloured  pure  wood  fibre  paper  finished 
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taken  in  selecting  and  making  up  the  mica.  The  writer  is 
of  opinion  that  the  best  results  can  only  be  secured  by  the 
dynamo  manufacturers  making  their  own  micantte  and 
other  insulation. 

As  micanite  channels  or  tubes  only  protect  the  con- 
ductors where  they  pass  through  the  core,  it  is  necessary 
to  use  cotton  covering  or  tape,  etc.,  elsewhere.  For  large 
conductors  taping  is  essential,  and  it  is  usual  to  tape  over 
double  cotton  covering.  It  is  good  practice  to  use  plain 
cotton  tape  and  serve  with  varnish  after  it  has  been  wound 
on,  because  the  various  adhesive  tapes  are  so  awkward  to 
handle.  They  also  lack  mechanical  strength  and  generally 
contain  a  fair  amount  of  moisture.  The  shellac  should  be 
made  with  best  alcohol ;  wood  alcohol  is  of  no  use.  The 
baking  must  be  done  thoroughly,  or  the  alcohol  will  attack 
the  copper. 

Taping  formed  coils  or  bent  conductors  by  hand  is  an 
exceedingly  tedious  process.  It  can  be  done  much  more 
quickly  and  neatly  by  machinery,  and  Fig,  20  illustrates  ;i 
suitable  machine.  The  coil  is  introduced  into  the  centre 
of  the  revolving  ring  by  means  of  a  diagonal  notch,  and  tlie 
bobbin  of  tape  is  carried  on  a  pin  attached  to  this  ring.  As 
the  ring  rotates  the  tape  is  wound  on  to  the  conductor,  andl 
a  pair  of  rollers  grip  the  coil,  feeding  it  along  at  the  proper| 
rate,  so  that  the  tape  is  accurately  half-lapped. 

One  of  the  most  important  questicjns  in  connection  with 
insulation  is— what  kind  of  varnish  to  employ.    Shellac  has  1 
been  most  used,  but  the  qualit)^  varies  so  much  that  other j 
special  varnishes  and  paints,  etc.,  are  now  eaiployed. 

The  Monarch  Asphalt  Paint  and  the  Pand  B  Compound 
are  used  in  America,  whilst  a  fair  number  of  makers  are 
adopting  pure  linseed  oil*  Although  it  has  not  very  great 
disruptive  strength,  or  high  insulating  resistance,  it  is  found 
that  when  oxidised  at  the  proper  temperature  to  exp^il 
moisture,  linseed  oil  is  very  reliable.  It  is  practically  non- 
absorptive  and  is  only  affected  by  a  temperature  far  higher^ 
than  that  which  destroys  the  cotton  insulation  into  which  it 
is  soaked.  Cotton  which  has  been  shellac -varnished  become^ 
brittle,  whereas  when  oil  is  used  it  remains  flexible,  Only 
pure  linseed  oil  should  be  used^  and  care  must  be  taken  to 
lay  it  on  very  evenly*  Of  course,  for  winding  magnet  coils 
the  double    cotton-coveved  \V\t^  m-a.^^^  tuu  through  hoU 
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paraffin  immediately  before  it  is  wound  on  ;  or  the  writer 
suggests  placing  a  number  of  coils  in  a  v^acuum  oven,  and 
as  soon  as  all  moisture  is  driven  off,  flushing  them  with 
boiled  re^in  oil  in  the  same  U*av  that  cables  are  treated. 


Pia  25.     Multiphase  Alternator  iLE.E.  Co.)  for  Coupling  to  High-speed 
Engine,  as  supplied  to  Erith  II.D,C. 


I 


An  easy  way  to  varnish  an  armature  is  to  pour  the 
varnish,  armalac,  or  whatever  is  used,  into  a  shallow  bath, 
and  support  the  armature  in  journals,  so  that  its  periphery 
just  dips  into  the  liquid*  By  revolving  slowly,  brushes  can 
be  dispensed  with  altogether. 

Some  day,  possibly^  a  cheap  compound  will  he,  d.v%- 
covered   which    will   not   soften    or    ge^i  ViiVOOi'e,  ^V^si-v.  ^^ 
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armature  warms  up,  and  into  which  the  armature  can  be 
dipped  overhead  in  much  the  same  way  that  a  transformer 
is  dipped  in  ozokerite  or  diatrine. 

Field  Winding. 

In  very  large  overcompounded  machines,  such  as  are 
used  in  traction  work,  the  sectional  area  of  the  series  wind- 
ing  is  considerable,  and  it  is  often   a  somewhat   difficult 
matter  to  arrange  it  conveniently.    One  method  employs 
ordinary  stranded  cable — 61/11,  91/11,  and  so  on — accord- 
ing to  the  current  to  be  carried,  the  coils  being  supported 
from  the  magnet  yoke  so  that  they  are  quite  independent  of 
the  shunt  coils.    Where  the  section  of  the  pole  is  circular  or 
oval,  bare  copper  strip  of  slightly  taper  section  may  be  wound 
on  edge  in  the  manner  introduced  by  Mr.  Ferranti,  the  in- 
sulation being  by  discs  of  rice  paper  or  presspahri.  An  objec- 
tion to  this  method  is  that ^  the  copper  cannot  be  unwound 
and   used   again,  as   is   the  case    with  ordinary  flat  tape. 
Another  method  applipable  to  rectangular  poles  is  to  wind 
on  a  flat  copper  ribbon  of  the  full  area  required,  and  rather 
less  than  half  the  width   between  the  flanges  of   the  field 
magnet  former.    A  broad  sheet  of  longcloth  and  mica  insu- 
lation a  little  wider  than  the  copper  is  wound  on  with  it,  and 
there  are  thus  two  turns  per  layer. 

In  order  to  avoid  bringing  out  the  inside  end  of  the 
field  magnet  coil,  two  sections  are  wound  in  opposite 
directions,  so  that  when  placed  side  by  side  the  inside  ends 
are  connected  together,  and  the  free  outside  ends  form  the 
terminals. 

To  save  expense  and  complication  the  compounding 
turns  may  very  conveniently  be  carried  round  the  north 
poles  only. 

There  is  not  much  to  say  regarding  shunt  windings, 
except  that  in  large  machines  it  frequently  happens  that 
a  standard  gauge  of  wire  does  not  give  the  correct  ampere 
turns.  The  usual  practice  in  such  cases  is  to  employ  the 
next  two  sizes  of  wire,  large  and  small,  and  adjust  the 
turns  of  each  until  the  required  current  is  obtained.  As  it  is 
exceedingly  important  that  each  pole  must  have  the  satne 
magnetic  strength^  it  is  necessary  to  be  careful  to  get  just  the 
right  quantity  of  each  s\ze  o^  V\t^  otv  ^-^.O^v  ^Ci\s..    On  this 
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account,  and  also  because  of  the  joint  required,  it  is  good 
practice  to  take  the  next  larger  wire  ajid  draw  down  to  the 
exact  diameter  necessary.  The  equipment  of  an  up-to-date 
dynamo  works  is  certainly  not  complete  without  wiredrawing, 
cotton  covering,  braiding,  and  taping  machines. 


to,  36. — Three-ph2s«  Alternator  by  Compagnk  de  Fives-Lille.  Oulput 
80a  k.w.^  2,2oo  voltSi  50  cyclesj  79  revolutions,  76  poles.  Diameter 
over  Poles  235  inchtis,  i^ivitig  Peripheral  Speed  of  4,850  feet  per 
mmiite.    Air-gap  0275  inches,     DJstmeter  of  Shaft  25  inch. 


The  energy  stored  in  the  tnagnetic  circuits  of  large 
dynamos  is  so  very  considerable  that  it  is  always  as  well 
to  make  a  short-circuiting  shunt  break  switch  part  of  the 
machine,  so  as  to  ensure  that  it  shall  be  always  used.  At 
the  same  time  the  insulation  of  the  coils  should  be  ft-asK^i 
with   a  prGssurc  at  least   five  times    the   notu-va\  NoWa.'^t- 


1394 


SCOTT t  NOTES  ON  THE  MANUFACTu! 


Magnets  may  he  surrounded  by  a  sheet  of  brass,  copper,  or 
zmct  forming  part  of  the  spoolp  as  it  is  noticed  that  such 
an   arrangement    reduces  the    flash    on    breaking    circuit 
There   is  also   an    old    dodge    in    telegraphic    instrument 
making,   which   has   for   its   object   the   reduction   of   the 
self-induction  spark.      It  is   to  wind   the   layers  always  iTt 
the  same  direction,   instead    of   backwards   and   forwards.  - 


4-J 


I    - 
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FIg.  27.— Thrttr-phase  and    Single-pha?^e  Alternator   by  tlic   Hern>s    Elel^' 
tridtals  A.G.     Output  as  Three-phase  3,000  k.w,,  and  m  Single-plu^^ 
3,ooD  k*w,,  or  if  givm^  both  tojijether  the  Outputs  are  1,500  k.w*  a  11*^ 
1,200    knW,    respectively.     Vultages    6  (xyo/3*3oo/j,:2oo,    50    cyclt's,    7'  '-^ 
revolutiuiis,  H4  polts.     Diameter  over  Poles  315  ineheist  ^i^'ii^g  Periphei"**' 
Speed  of  5,9* >o  feet  per  ininulc.     Air-gap  o"47  inch.     Diameter  of  Sh;if^ 
237  inches.. 

This  has  also  the  advantage  that  the  thread  is  always  the 
samej  and  so  the  layers  pack  better. 


Baking. 

Baking   is  one  of  the   most   important  operations*    If 

an  oven  is  employed  it  should  be  very  spacious  and  well- 

lighted,  with  several  small  iron  doors  fitted  into  the  large 

doors.     There  should  be  trolley  Hnes,  so  that  the  heavier, 

nrmntures,  etc.,  can  be  tun  \t\  -^vA  \e\V  qt\  ^t  Itolley,  fori 


i  28. — Three-phase  Alternator  by  G,E.  Co.  of  America  for  the  Metro- 
politan Street    Railway  Company  of    New  York.     Output  3,500  k.w. 

' (5,000  k.w.  for  4  hours),  6600  volts,  25  cycles,  75  revolutions,  40  poles. 
Diameter  over  Poles  200  inches^  giving  Peripheral  Speed  of  3,900  feet 
per  minute.    Air-gap  0-312  inch.    Diameter  of  Shaft  (hollow)  37  incheij. 

tisefuL  Foundry  core  ovens  are  sometimes  used  for 
e  higher  temperatures. 

In  certain  cases,  where  the  oven  is  full  or  the  apparatus 

be  dried   is  unwieldy,   moisture  can  be   driven  off   by 

sing  through    it   a  large   current  at  a  low  volt'i^e^  ^mx- 

■ndinf  the  coils   with    asbestos    board  la  \oc"aX\^^  V^^ 
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heat.  In  this  case,  as  the  heating  goes  right  through  the 
coils,  it  is  more  effective  than  oven  drying,  but  the  electrical 
method  is  of  course  more  expensive. 

Undoubtedly  a  very  effective  method  is  to  use  a 
vacuum  chamber.  The  Passburg  apparatus  is  the  best 
known,  and  it  consists  of  a  circular  shell  five  or  six  feet 
diameter,  with  air-tight  door  and  glands.  A  steam  coil  is 
arranged  inside,  space  being  left  for  one  or  more  sets  of 
rails  to  support  the  workshop  trolley.  The  outside  of  the 
chamber  is  lagged  with  non-conducting  composition,  and 
the  steam  in  the  coil  is  at  about  75  lbs.  pressure. 

The  accessory  apparatus  consists  of  an  air  pump  giving 
a  vacuum  of  20  in.  to  29  in.,  a  small  surface  condenser  to 
take  up  any  moisture  drawn  off,  and  also  a  testing  apparatus 
to  indicate  when  all  the  moisture  has  come  away.  This 
apparatus  has  been  adopted  by  all  the  leading  Continental 
firms,  some  firms  having  as  many  as  ten  or  twelve  in  their 
works.  An  apparatus  five  feet  diameter,  with  pump  and 
condenser  complete,  costs  about  ;^26o,  but  there  are  many 
advantages  to  be  derived  from  its  use,  not  the  least  of  which 
is  that  an  armature  or  coil  may  be  dried  in  a  fraction  of  the 
time  that  it  would  take  in  an  oven. 

Tables,  etc.— Continuous-Current  Dynamos. 

A  very  considerable  amount  of  data  of  actual  machines 
is  now  available,  and  with  a  view  to  crystallising  as  it  were 
many  of  the  particulars,  the  writer  has  compiled  Tables 
I.  to  VIII. 

Table  I.  gives  data  of  various  multipolar  machines,  and 
Table  II.  coefficients  deduced  from  the  particulars  in 
Table  I.,  the  figures  being  given  in  English  measures. 
Table  III.  ^ives  coefficients  deduced  from  data  given  in 
Professor  Arnold's  book  on  Armature  Windings. 

In  settling  the  preliminary  dimensions  of  any  dynamo 
the  two  leading  dimensions  are  the  overall  diameter  of  the 
armature  in  inches  d  and  the  overall  length  of  the  armature 
core  in  inches  /.  From  these  we  can  obtain  various  useful 
figures.  The  first,  which  may  be  called  the  ^*  size  con- 
stanty"  is  obtained  by  multiplying  the  diameter  squared  by 
the  length  of  the  core 
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In  the  second  (due  to  Steinmetz)  the  diameter,  multiplied 
by  the  length  and  divided  by  kilowatts,  gives  a  coefficient 

(iTwr  ~  coefficient  J  which  varies  according  to  the  size  of 

machine.  See  the  9th  column  in  Table  IL  and  the  loth 
column  in  Table  III.  It  maybe  taken  as  ranging  from 
2  for  the  largest  flywheel  generators  up  to  8  for  the  smaller 
sizes  of  multipolar  machines,  but  as  will  be  seen  from 
Table  IL,  a  dynamo  by  Siemens  Bros*  and  Co,  gives  the 
unusually  low  figure  of  v^. 


Flu.  J9.— Three-pli:isc  Alternator  by  Siemens  and  Halsku.  Output  2,000  It.w., 
2,200  volt^,  50  cycles,  83  5  ruvolutiotis,  72  polcH.  Diameter  tiver  Pole* 
235  inches,  giving  Peripheral  Speed  of  5,150  feet  per  minute.  Air-gap 
0-47  inch.    Diameter  of  Shaft  1Q"8  inches* 


The  objection  to  the  Steinmetz  formula  is  that  it  can 
only  be  used  within  limits,  as  it  lakes  no  account  of  speed. 
For  this  reason  the  better  known  '* output  equation''  below 
is  to  be  preferred.  In  this  the  output  in  watts  is  equal  to 
a  coefficient  multiplied  by  the  number  of  revolutions  per 
minute,  by  the  diameter  squared,  and  by  the  length  in  inches. 

(Watts  =  coefficient  x  n  x  t/^  x  L) 

The  figure  in  this  case  is  a  decimal  quantity,  and  from 
data  taken  of  many  machines  the  writer  finds  that  it 
varies  somewhat  as  follows ; — 
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For  the  largest  flywheel  generatoriii 
„    large  multipolar  dynamos 

„    medium  size  multipolar  dynamos^  say  about  300  K.W. 
f,    small  multipolar  dynamos     .,* 


Ckieffictent 
for  output 
cquatioEu 

■  *o3 

■  "025 
.    "018 


To  continue  for  bipolar  dynamos  the  values  are  : — 

For  lai'ge  bipolar  dynamos  ,,.         »*.         ...         ..»         ^^^     "014 

„    medium  size  bipolar  dynamos,  say  about  30  K.W,         ...     'Oi 
ff    small  bipolar  dynamos  ,,.     ^007 

With  the  help  of  this  formula,  given  the  output  of 
a.  machine  and  its  speed,  we  can  find  d%  and  having  found 
the  **  size  constant"  of  the  machine,  it  is  then  only  necessary 
to  divide  the  two  factors  in  such  a  way  that  it  meets  pro- 
portions which  are  known  from  experience  to  be  best  for 
any  given  carcase.  For  example,  it  is  known  that  for  high 
values  of  tPl  the  armature  becomes  more  and  more  '^fiy- 
wheelly"  to  use  one  of  Dr.  Thompson's  expressions.  With 
this  in  view  the  writer  has  prepared  Table  IV*^  giving  pro- 
portions  for  various  values  of  dH  \  also  the  number  of  poles 
and  approximate  weights  of  the  various  essential  parts  of 
the  machines, ' 

With  regard  to  the  detailed  dimensions  of  the  machines, 
the  writer  has  found  that  these  may  be  roughly  taken  as 
a  percentage  of  the  diameter  as  indicated  in  Figs,  21,  22, 
and  23,  the  results  given  in  the  figures  beijig  averaged  from 
a  number  of  examples.  Although  at  first  sight  the  method 
may  seem  crude,  the  writer  has  found  a  wonderful  agree- 
ment between  many  varying  designs.  In  the  case  of  bipolar 
machines  the  whole  of  the  dimensions  may  be  given  as 
a  percentage  of  the  diameter  of  atmature,  but  in  the  case 
of  multipolar  dynamos  the  pole  dimension  measured  cir- 
cumferentialiy  is  arrived  at  by  multiplying  the  number  of 
poles  by  four  and  then  allowing  three  of  the  parts  for  a  pole 
and  one  part  for  the  space  between  the  pole  tips  (see  Figs* 
21  and  22),  Calling  the  dimension  measured  across  the  face 
of  the  pole  between  the  pole  tips  B,  the  dimension  across 
the  pole  inside  the  magnet  coil  should  be  75  B.  Of  course 
these  percentages  are  only   intended   to   be   approximate, 

'  As  a  comp^son  Table  V,  has  befew  pretax  fed  ou  tlxe  same  lines  for  bipglar 
machines. 
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W^ere  the  result  is  a  decimal,  then  the  nearest  even  figure 
^Aould  be  taken.     The  final  dimensions  would,  of  course, 


[Frc.  30. — Thrtrtf'pbast  AUernator  by  thL*  Compagnie  Internationale  d'Ekc- 
tricite,  Liege  (l.E.E.  Co,,  London).  Output  1,000  kAV.^  2,200  volts, 
50  cycles,  83  revolutions*  Diameter  216  incties^  giving  a  PeripberaJ 
Speed  of  4,7^0  feet  per  minute.  Air-gap  0-335  inch.  Diameter  of 
Shaft  237  in  dies* 

be  fixed  after  the  electrical  calculations  have  been  checked 

B       Fig*  24  gives  curves  of  actual  cost  of  material  and  labouv 
for  a  series  of  multipolar  machines,  and  it  \s  Vnlexe^^im^Xo 
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note  that  when  plotted  in  this  way,  that  is^  with  the  hori- 
zontal hne  in  values  of  d^lj  we  get  practically  a  straight  line. 
The  writer  has  found  the  equation  to  the  "  total  cost "  line 
for  a  certain  series  of  English  machines  to  be 

X  =  140  +  *oi8  X  </=/, 

Of  course  the  curves  would  vary  with  different  makerSp 
and  also  according  to  whether  the  establishment   charges  j 
were  arrived  at  in  the  way  indicated. 

An  interesting  study  for  any  given  set  of  conditions  in 
a  given  shop  is  the  analysis  of  the  cost  percentages  of  the 
various  items  which  go  towards  material  For  example, 
taking  a  machine  with  an  armature  say  5  feet  in  diameter, 
the  writer  has  found  the  following  percentages  hold  fairly 
well  : — 


Materials^ 

Armature  copper 
Field  copper 
Commutator  copper 
Armature  stampings 
Field  poles 
Yoke 

Insulating  materials 
Miscellaneous    ... 


Pencentaife  of  total  cost 
of  malendh 

6  per  cent- 

...  19 

„,  6 

,,,  12 

...  7 

...  20 

.„  8 

...  22 


Of  course  it  must  be  understood  that  the  writer  does 
put  these  particulars  forward  as  at  all  general.  It  is  quite 
impossible  to  compare  various  workshops  in  this  way,  but 
any  one  shop  can  plot  such  curves  and  employ  such  per- 
centages with  advantage. 

A  rule  which  gives  a  direct  clue  to  the  diameter  is  that 
the  current  density  per  inch  of  circumference,  or  the  "cir- 
cumfereniial-curreni  densifyt*  should  be  equal  to 

the  number  of  conductors  x  the  current  in  one  conductor 
TT  X  diameter  of  armature  in  inches 

If  the  result  given  by  the  formula  is  above  700,  it 
indicates  a  skimped  design,  except  in  the  very  largest 
machines ;  and  on  the  other  hand,  if  it  is  below  300,  the 
dimensions  of  the  machine  may  be  taken  as  being  too 
liberal.  Results  of  various  machines  by  this  rule  are  given 
in  the  last  column  but  one  in  Table  11 L  For  the  ordinary 
run  of  multipolar  machines  abOMt  t^oo  \s  %  ^oc^^  is^^x-m^. 
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Of  course  in  comparing  the  outputs  of  machines  a  great' 
deal  depends  on  the  peripheral  speed,  and  this  varies  between 
exceedingly  wide  limits.     For  example,  the  Siemens  dynamo 
at  top  of  Table  11.  runs  at  5,320  feet  per  minnte,  whereas  the 
average  speed  of  the  machines  given  in  Tables  II.  and  III. 


Fig.  32,— 'Design  for  a  1400  k.w.  Two-phase  Alternator*  50  periods,  to  ruii  ] 
at  the  high  speed  of  200  revolutions. 


is  under  3,000  feet  per  minute*  Naturally  the  higher  the 
peripheral  speed  the  greater  the  output  which  can  be 
obtained  from  a  given  sized  carcase. 

The  Siemens  machine  above  mentioned  is  curious  in 

another  respect,  in  that  the  peripherat  speed  of  the  coni' 

mutator  is  as  high  rate  as  5,410  i^^X.  ipet  tavviXiXe,    TVt'a^e  are 


e 
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H  only  three  cases  in  Table  II,  and  four  in  Table  HL  where  the 

H  Pf^ripheral  speed  exceeds  the  Hinit  which  has  come  to  be 

f    ^ejfarded  as  general  practice,  namely,  2,500  feet  per  minute* 

The  question  of  resisting  centrifugal  action  calls  for  an  even 

fewer  velocity  on  the  commutator. 

The  number  of  poles  is  really  fixed  by  the  amount  of 
^^Tent  wJiich  can  be  collected  at  any  one  pole,  and  this 


I 


^^»  33* — Alternator    by    A     Gramraont.       Output    B6o    k-w.,    2^400  volts^  ' 
50  cydes^  94  revolutions,  64  poIes»     Diamettr  over  Poles  ig6  inches^ 
giving  Peripheral  Speed  4,820  feet  per  inimiteK    Air-gap  o'2y$  inch. 

again  is  limited  by  the  line  density  in  the  air-gap.  An 
average  figure  may,  however,  be  taken  at  500  amperes 
per  pole* 

practice    in    induction   densities   in    the 
the   tuagnetic   current   may  be  taken  as 


The  standard 
various  parts  of 
follows  ; — 


Armature  core 
teeth 
Air-gap     *,, 
Cast-slecl  poles 
Cast-steel  yoke 
Cast-iron  yoke 


Per  !*q.  cm. 

9,000  to  12,000 
17,000  to  19,000 

7,ODD  to     i.),000 

13,000  to  15,000 

9,000  to  12,000 

5,000  to    6,000 


Per  sq.  Inch. 

58,000  to    78,000 

n  0,000  to  123,000 

45,000  to    58,000 

84,000  to    97,000 

31^^00  ley    Tjt^,cs:iQ 
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Designers   appear   to    be  practically  agreed  that  to  get^ 
sparkless   commutation   and   a   minimum   zone   of    move- 
ment of  the  brushes,  there  must  be  a  certain  relationship' 
between  the  ampere  turns  required  for  the  air-gap  at  fuU^i 
load,  and  the  cross  ampere  turns  of  the  armature.     Some^H 
say  that  the  best  relationship  is  when  the  one  divided  by^H 
the  other  gives  unity  or  thereabouts.     At  the  same  time^ 
many   machines,   especially   those    made    in   America    for 
traction    purposes,  show    figures  which  according  to   this 
rule  would  indicate  a  precarious  design.     Thus,  if  we  take 
the  four  dynamos  which   are    given   in   Messrs.   ParshaUj 
and   Hobart*s   book   on    Electric   Generators,  we  get   thi 
following  figures  :— 


Kilowatts 


Amperes 
Volts  ... 


l^evs,  per  minute: 


Number  of  poles 


1,500 


2,500 


550/600 


75 


400 


500/550 


135 


300 


2,400 


110/125 


250 


455 


5<»/55o 


320 


Gap  ampere  turns  at 
full  load  per  pole 


6,000 


4,800 


j  Cross  or  distorting 
ampere  turns  at  full 
load  per  pole 


96^0 


7.9a« 


4,900 


7,200 


4^150 


6,380 


Gap  ampere  turtis 
\  Cross  ampere  turns 


'^J/ 


-ai 


■6S 


'^5 


[Current  collected  per 
pole       ***     ,,* 


416 


134 


500 


150 


obvious  that  if  good  commutation  can  be  obtained 
constant 


Fig.  32'%pesigti 


is  und.^^^>>po  1, 


Gap  ampere  turns 
Cross  ampere  turns 

unity,  then  such  a  machine  will  be  a 
penptie^^^^  ^^^eec  ^  ^  large  number  of  cross  ampere  turr^ 
obtameo^^^    a  t  ^-^er  output    is   obtained   from 


The 


another  j*^jQ^{i^g  ct  nditioii^  tend  to  \Ma  result 
mutator  is  l 


a    r     - 
uus  in 

le  com- 
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(a)  The  use  of  carbon  brushes. 

(6)  The  saturation  of  the  pole  shoe,  especially  at  the 
pole  tips. 

(c)  The  saturation  of  the  teeth  of  the  armature  core. 

(d)  The  use  of  high-resistance  commutator  lugs  for  t\rm 
segments. 

(e)  The  fields  being  over-compounded. 

The  writer  considers  the  last  a  most  important  featur- 
because  the  increase  of  magnetisation  occurring  with  incresfc-t 
of  load  comes  into  action  just  at  the  critical  moment  wh^ 


'^i 


Fig.  35. — Detail  of  5,ocx)  k.w.  A.E.G.   Three-phase  Alternator.     Brackets 

for  Tie-rods. 

it  is  required.  In  fact,  it  is  just  a  question  whether  it  would 
not  be  as  well  to  compound  all  dynamos,  simply  with  this 
object  in  view.  In  a  central  station  for  lighting  it  would 
mean  a  little  extra  cable  and  switch  apparatus,  but  this 
would  be  much  more  than  covered  by  the  greater  output 
obtainable  from  a  given  machine  and  the  improved  com- 
mutation under  varying  loads.  The  dynamos  in  a  traction 
station  are  always  compounded  and  run  well  in  parallel 
without  trouble,  so  the  writer  cannot  see  why  dynamos  for 
lighting  should  not  be  compounded  -aulso.  It  is  clear  that  as 
the  motor  load  grows  in  an^  p3Lx\;\cv\\ax  -ax^-s.  >i^^  ^Citv^\V\^^^ 
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which  the  dynamos  have  to  meet  approximate  more  and 
more  to  those  of  a  traction  generator.  Of  course  the  fact 
that  practically  all  hghting  networks  are  on  the  three- wire 
systemj  and  that  batteries  are  generally  used  are  points  in 
favour  of  keeping  to  shunt  machines. 


Part  II.— Multiphase  Alternators. 


It  will  be  evident  that  a  good  many  of  the  points  referred 
to  above  as  to  armature  iron,  methods  of  winding,  insula- 
tion, etc*,  are  also  applicable  to  alternators.  The  writer  is  of 
course  considering  only  the  standard  multiphase  alternator 
having  a  stationary  slotted  core  armature  and  revolving 
poles  with  a  coil  on  each.  The  history  of  the  alternator 
has  been  a  case  of  the  survival  of  the  fittest,  and  it  is 
significant  that,  with  the  addition  of  a  slotted  corCj  the 
alternator  of  to-day  is  practically  identical  with  those  made 
by  the  old  El  well  Parker  Co.  For  is  not  every  iron-cored 
single-phase  alternator  to  all  intents  and  purposes  a  multi- 
phase machine  having  only  a  portion  of  the  armature  slots 
utilised  ? 

Typical  Designs. 

In  FigSi  35  to  36  the  writer  has  collected  a  number  o; 
typical  designs  of  multiphase  alternators,  and  it  will  bi 
noticed  that  with  the  exceptions  of  Figsl  33, 34,  35,  and  36,  th 
armature  ring  castings  are  all  of  the  box  section* 

Fig-  25  shows  a  typical  design  of  alternator  for  couplin 
to  high-speed  engines.  The  poles  are  cast  solid  with  the 
wheel,  the  pole  shoes  being  held  on  by  screws.  The 
magnet  wheel  is  extended  and  provided  with  a  half- 
coupling,  so  that  the  shaft-key  carries  little  or  no 
twisting  stress. 

In  Figs,  29  and  30  the  armature  ring  is  extended  down 
each  side  to  give  additional  strength,  whilst  Figs.  34  and  35 
show  the  Tic-Rod  construction,  and  Fig,  36  the  Outer  Pole 
type,  of  which  more  will  be  said  below. 

A  study  of  these  and  other  designs  has  led  the  writer  i 
dmft  the  following  specification  of  a  modern  multiphase 
alternator  : — 

Tj^pe. — Three-phase  in  pteleieace  Vol^Ch.^-d^^'aSiWvvv^ 


4 

5 

I 


LARGE   DYNAMOS  AND  ALTERNATORS. 


409 


more  generally  convenient  and  giving  a  greater 
output  from  a  given-sized  carcase, 
Conneciions. — Star  connection  in  preference  to  mesh, 
this  being  the  usual  method  of  connecting  motors 
and  lamps.  The  stress  on  the  insulation  is  also  less 
than  two-thirds  what  it  would  be  with  mesh  con- 
nection, whilst  witfi  the  mesh  connection  any 
deviation  of  E.M»F,  from  a  sine  curve  may  set  up 
internal  currents. 


r^ 


IG,  57.  —Adjustable  Foot  Bracket  to  support  Armature  Ring  of  Ganz 
Alternator. 


Number  of  slots, — Two  slots  per  pole  per  phase.  One 
slot  is  cheaper  to  wind,  but  with  two  slots  the 
curve  approximates  more  closely  to  a  sine  curve. 
Three  slots  are  too  expensive. 

Shafe  of  slot, — Half-open  tunnel  or  parallel  slot  in 
preference  to  tunnel,  because  former- wound  coils 
can  then  be  employed.  Tunnels  require  the  coils 
wound  in  place,  and  there  is  liability  of  armature 
leakage  across  the  strip  of  metal  at  top. 

Poles. — Magnet  cast  steel  of  ample  area,  so  that  magnetic 
line  density,  and  therefore  the  exciting  current,  can 
be  kept  as  low  as  possible*    A  coil  on  every  pole. 

Shape  of  pole, — Round  if  possible,  but  at  any  rate  o'm^^, 
so  as  to  reduce  the  leakage  from  po\e  to  ;^ej\^  ^'^^ 


410  SCOIT:  NOTES   ON   THE   MANUFACTURE   OF       [Jan.  fith, 

enable  the  winding  to  be  edgewise  bare  copper 
strip. 

Pole-pieces. — Laminated,  with  the  pole-tips  cut  back  and 
reduced  in  area  so  as  to  give  approximation 
to  sine  curve  and  reduce  armature  leakage  to  a 
minimum. 

Damping-coils, — Copper  castings  between  the  pole-tips 
and  connected  up  at  end.  Amortisseur  coils 
necessitate  holes  in  the  pole-pieces,  and  are  there- 
fore more  expensive  to  arrange. 

Flywheel, 


I 
I 


/ 


Fill.  38, 


I 


The  continuous-current  dynamo  has  usually  a  flywheel 
keyed   alongside   it  to    help   the   even-turning  movement, 

but  in  the  case  of  the  alternator 
there  is  no  separate  flywheel.  Alter- 
nator construction  has  therefore 
become  closely  bound  up  with  the 
flywheel^  and  the  design  of  the  latter 
is  arranged  accordingly.  For  ex- 
ample, the  wheel  is  generally  pro- 
vided with  double  arms,  not  for 
extra  strength  but  to  provide  space 
for  the  pole  bolts. 

The  most  usual  method  of  fixing 
an  alternator  flywheel  to  the  shaft  is  to  cast  the  boss  in  sec-  ^, 
tions  and  have  two  very  hea\^  shrink  rings  round  tlie  boss.  ^M 
li  properly  done  no  key  is  required.  The  rim  of  course  ^1 
must  be  continuous,  as  the  poles  are  necessarily  pitched  , 
very  close  together.  One  of  the  best  methods  of  fastening  S 
the  two  halves  of  the  flywheel  is  by  the  link  and  lug  joint,  ^1 
and  if  the  rim  is  of  good  depth  the  shrinking  links  may 
be  circular  and  therefore  easily  and  accurately  fitted. 

In  some  very  large  5,000  k,w;  three*phase  Westinghouse 
alternators  for  the  Manhattan  Elevated  Railway  arms  are 
dispensed  with  altogether,  the  rim  and  the  boss  being 
secured  together  by  two  webs  of  riveted  rolled-steel  plates, 
see  Fig.  31. 1 

*  Itis  interesting  lo  note  that  the  flywheel  rim  of  the  Korting  aUernators 
i*^  made  extra  wide  &o  as  to  cover  the  Dettmar  electro-magnetic  brake  which 
forms  part  of  the  bottom  half  of  the  armature  ring.    This  eJectric  magnet 
forms  a.  very  convenient  method  ol  app\^^my,ax\  Ml\icvcl'a.l  load  for  synchronise 
ing  or  testing. 
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Adjustment  of  Air-gap, 

The    accurate    adjustment   of    air-gap   is    one    of    the 

problems  of  alternator  construction,  because  the  diarnelers 

of  alternator    armatures    {15    or    20    feet)    are    great    as 

Compared  with  the  usual  air-gap,  of  say  ^  inch.  An 
^^pensive  armature  construction  may  really  be  the  means 
<^f  cheapening  the  machine  as  a  whole,  by  enabling  a  short 
^ir-gap  to  be  employed  ^  because  it  means  less  field  copper, 

^ss  leakage,  and  therefore  a  lower  voltage  drop. 

A  common  method  of  adjusting  the  gap  is  by  means  of 
^crew  wedges  under  the  feet  and  at  the  bottom  of  the 
^^rmature  ring.  In  some  cases  the  feet  of  the  armature  ring 
^.re  cast  separately,  and  provided  with  both  vertical  and 
i^orizontal  adjusting  screws  as  in  Fig.  37. 

In   the   Siemens  and    Halske    machine   the   air-gap  is 

adjusted  by  a  special  fitting  pro- 
vided with  adjustable  rollers  on 

^which  the  bottom  of  the  armature 

Ting  is  supported  The  rollers  can 

ht  raised  or   lowered   separately 

or  together  ;  if  adjusted  together 

they  give  a  vertical  displacement, 

whereas  if  one  only  is  moved  the 

displacement  is  horizontaL 

One    way    of    approximating 

to  an  equality  of  air-gap   is   by 

what  may  be  called  the  "Brown " 

Fig.   30.    The   armature  ring  has 


Fig.  39. — Laminated  Tips 
cast  into  Steel  Pole* 


construction,  shown  in 
arms  down  each  side, 
which  rest  on  trunions,  and  the  periphery  of  the  armature 
ring  is  fitted  with  a  rack  so  that  it  may  be  barred  round 
and  the  coils  of  the  bottom  half,  examined  and  cleaned.* 
At  Frankfort,  where  this  type  of  machine  is  employed,  the 
motor  for  barring  the  flywheel  is  also  used  for  barring 
round  the  armature  ring. 

Tie- ROD  Construction* 
When  the  Schuckert  machine,  having  radial  tie-rods  to 

'  The  only  way  to  clean  a  dynamo  machine  effectnaUvj  whether  it  is  an 
alternator  or  a  dynamo^  13  by  means  of  an  air-blasL  For  high-voltage 
machines  the  air-blast  is  especially  necessary ^  as  a  damp  cobweb  between  the 
coils  may  be  dangerous*  Where  a  station  is  fitted  with  air-blast  static 
Iransformers  a  pipe  can  he  connected  temporarily  to  the  air  chamber,  or 
where  such  transformers  are  not  used  a  small  centriiugtLl  (m\  cau  bei\:vt\y^^  Ni^ 
to  the  alternator  shufL 
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give  stiffness  to  the  frame,  was  shown  at  the  Paris  Exhibi- 
tion, it  came  in  for  a  good  deal  of  adverse  criticism.  The 
light  built-up  armature  ring,  instead  of  a  massive  casting, 
was  a  distinct  inno\'ation,  but  when  one  considers  that  the 
problem  is  ver\'  similar  to  that  of  bridge  construction, 
the  wonder  is  that  the  built-up  framing  was  not  tried  a^ 
an  earlier  date. 

In  alternators  of  comparatively  small  diameter  it  is  eas^ 
to  give  such  a  section  to  the  armature  ring  that  there  C5 
practically  no  deformation  when  set  up  in  position.    As  th,^ 
diameter  increases,  however,  it  becomes  more  difficult  to 
ensure  that  the  alternator  ring  shall  keep  to  an  exact  circle 
when  erected  vertically,  more  especially  as  castings  of  very 
large  diameter  are  usually  bored  out,  machined,  and  wound 
whilst  in  the  horizontal  position.  j 

When  a  round  body  of  large  diameter  is  brought  from 
an  horizontal  to  a  vertical  position,  any  change  in  form  by 
the  action  of  its  own  weight  is  likely  to  be  still  further 
increased  by  the  magnetic  pull  of  the  poles.  Of  course, 
in  the  case  of  alternators  driven  by  vertical  spindle  turbines, 
this  difficulty  does  not  arise ;  in  fact,  a  vertical  spindle  is 
ideal,  as  it  admits  of  the  umbrella  type  machine  and  so  does 
away  with  all  armature  deformation.  When  one  comes  to 
think  of  it  there  is  really  no  reason  why  an  engine  crank- 
shaft should  not  be  arranged  vertically  ;  it  works  extremely 
well  for  dock  pumping,  and  much  of  the  weight  on  the 
footstep  could  be  relieved  by  placing  the  armature  out  of 
centre  and  so  giving  a  magnetic  pull  upwards,  or  possibly 
a  special  electro-magnetic  device  could  be  fitted  for  the 
purpose.  The  A.E.G.  design  for  the  construction  is 
shown  in  Figs.  34  and  35,  and  it  will  be  noticed  that  the 
tie-rods  (with  right-  and  left-hand  screws)  are  arranged 
tangentially  with  the  armature  core.  When  the  machine 
warms  up,  these  rods  tighten,  and  the  whole  machine 
is  rigid.  Such  a  construction  reduces  the  weight,  and 
therefore  the  expense  of  material,  carriage,  etc.  The 
armature  simply  consists  of  core  plates  (open  to  the 
atmosphere  on  the  outer  periphery)  clamped  between 
standard  cast-iron  end  rings  as  in  the  earliest  Elwell 
Parker  alternators. 
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The  Outer  Pole  or  Niagara '  type  of  machine  shown  iii 
Figi  36  has  the  advantage  that  the  flywheel  rim  can  be 
made  practically  of  any  weight,  and  it  is  thus  very  suitable 
for  driving  by  single-crank,  slow-running  engines,  especially 
the  large  gas-engines  which  are  now  coming  so  much  to  the 
front*  The  armature  casting  is  a  hub  and  therefore  not 
liable  to  deformation,  and  as  the  poles  are  inside  the  fly- 
wheel rim,  the  pole-bolts  are  relieved  of  all  stress  due  to 
centrifugal  force.  The  armature  is  also  cheaper  to  con- 
struct because  less  iron  and  copper  are  required. 

A  feature  of  the  International  Electrical  Engineering 
Co*s*  design  in  Fig,  36  is  that  the  exciter  forms  part  of 
the  armature  support^  thus 
economising  space  and  en- 
abling current  to  be  taken 
off  the  commutator  at  one 
end  of  the  brush  spindle, 
and  passed  into  the  collector 
rings  at  the  other.  This 
does  away  with  all  loose  con- 
necting cables. 

Fig.  32  shows  this  idea 
applied  to  the  exciter  of  a 
high-speed  machine  which 
has  its  armature  fitted  with  a  racking  device  to  uncover  the 
coils.  The  exciter  very  conveniently  occupies  the  extra 
piece  of  shaft  which  is  usually  wasted. 

Poles. 

Where  the  racking  device  is  not  provided  the  poles  must 
be  capable  of  being  withdrawn  endways  so  that  they  may 
be  removed  for  examination  of  the  armature,  and  they  are 
sometimes  held  by  vee  grooves,  as  shown  in  Fig,  38,  so  as 
to  be  easily  removable. 

Just  as  in  continuous-current  machines  it  was  pointed 
out  that  an  increased  line  density  around  the  air-gap  was  a 
desimble  feature,  so  in  an  alternator  the  same  holds  good. 

*  It  is  interesting  to  note  that  this  design— first  inlrodQced,  by  the  way,  at 
Cairo  by  Mr.  C.  E,  L.  Brown — has  been  discontinued  in  favour  of  the  inner 
pole  t>'pe  for  the  latest  machines  installed  in  the  Nva.g^a.Ta.  'ataStfiw, 


FtG.  40*— Deri  ikon  Method  of 
holding  Laminated  Pole, 
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Independently  of  the  question  of  eddy  currents  therefore, 
laminated  pole-pieces  are  good  practice.  The  solid  pole 
with  laminated  tip,  as  Fig.  39,  is  better  than  a  pole  lami- 
nated throughout,  because  it  gives  a  smaller  cross-section 
and  shorter  mean  turn  for  field  magnet  copper,  also  less 
leakage  between  the  poles. 

When  the  pole-tips  only  are  laminated  they  are  usually 
cast  into  the  pole,  as  shown  in  Fig.  39,  or  they  may  be  loose 
and  held  on  by  double-headed  keys.  When  the  pole  is 
entirely  laminated,  it  is  fastened  to  the  flywheel  by  means  of 
a  square  bar  passing  right  through  the  plates,  as  shown  in 
Figs.  26,  28  and  29.  Fig.  40  shows  the  method  employed  for 
attaching  the  poles  on  the  Oerlikon  type  alternators  at  the 
Fulham  Central  Station,  and  Fig.  41  shows  the  A.E.G.  method 
of  using  cotters. 

The  Ferranti  edgewise  winding  is  so  entirely  superior  to 
any  other  method  for  alternators  that  its  use  is  practically 
universal.  The  winding  can  be  made  to  have  no  spring  by 
rolling  the  strip  on  its  outer  edge,  so  that  on  leaving  the 
rolls  it  curls  up  straight  away  to  the  radius  desired.  Of 
course  this  rolling  method  can  only  be  used  when  the  poles 
are  circular.  If  they  are  oval  in  shape  (which  is  most  usual) 
the  copper  strip  must  be  wound  or  drawn  on  to  a  former 
to  get  it  to  the  required  shape.  The  coils  rotate  at  a  very 
high  speed  and  they  must  be  pressed  up  tight,  turn  to  turn, 
when  placed  in  position. 

In  the  latest  5,000  H.P.  generators  at  Niagara  there  are 
four  layers  of  edgewise  strip  winding  to  each  field  coil 
(rectangular  poles),  a  clear  space  being  left  between  the 
layers  for  ventilation. 

Armature. 

The  depth  of  the  armature  core  is  more  often  than  not 
made  greater  than  it  need  be,  purely  for  mechanical  reasons. 
At  hi^h  periodicities — that  is,  50  and  over — the  dimension 
of  the  pole  measured  circumferentially  is  relatively  small, 
and  this,  of  course,  only  calls  for  a  shallow  armature  core. 
To  give  mechanical  strength,  however,  the  core  is  usually 
made  deep  enough  for  poles  giving  25  periods,  and  at  that 
particular  diameter  of  machine,  is  so  fixed,  whatever  the 
periodicity.      It  is  g^ood  pY-aicWc.^  \o  ^ci\\fexv  the  magnetic 
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cuit  as  much  as  possible,  and  for  this  reason  the  poles 
st  not  be  too  long  nor  the  armature  slots  too  deep. 
Some  armatures  are  bored  out  after  they  are  built,  and 

n  this  account  the  tunnels  are  not  cut  through,  but  are 
punched  close  up  to  the  inner  periphery  of  the  core,  so  that 
after  being  machined  the  strip  of  metal  at  the  top  of  the  slot  is 
very  thin.  With  slots  or  half-open  tunnels  the  armature  can 
be  bored  out  by  filling  temporarily  with  wood,  but  the  best 
method  of  machining  the  interior  surface  is  to  employ  a 
grinding  wheel,  which  runs  backwards  and  forwards,  the 
armature  being  moved  slightly  after  each  journey »    This 

lethod  has  the  very  great  advantage  that  it  does  not  burr 

le  plates  over,  and   it  gives  extremely  accurate   results- 

iTiere  an  armature  has  tunnels  the  web  at  the  top  of  the 

inn  el     should     be     sawn 

iroiigh,  for   in    boring,  the  r ^^-^ 

lates  get  badly  burred,  and 

0  reduce  eddies  it  is  iieces- 
sar)^  to  split  up  the  surface. 
In   order   to   reduce   the 

Hlity    to     leakage     which 

lust    occur  when    the   line 

nsity  in    teeth    is    pushed 

a  very  high  degree,  the 

.  C,  Co,  punch  out  vee- 
shaped  slots  at  the  root  of  each  tooth,  as  shown  in  Fig.  42 
(similar  to  the  Bergmann  dynamo)*  The  point  of  greatest 
line  density  is  thus  transferred  to  the  root  of  the  tooth, 
^^'here  leakage  cannot  occur  to  any  extent.  Further,  whilst 
not  interfering  very  much  with  direct  magnetisation,  the 
notches  add  somewhat  to  the  reluctance  in  the  cross-mag- 

tisation  path,  which  is,  of  course,  a  good  feature. 


Fia.  41,— A;E.G.  MethcKl  of  holding 
Laminated  Pole. 


Machining  Slots. 

To  mill  out  all  the  slots  of  an  alternator   core,  some 
steen  feet  or  so  in  diameter  from  the  solid,  appears  at 
st  to  be  somewhat  of  an  undertaking,  yet  it  is  often  done, 
I^.,  the  i,6oo-k.w.  io,ooo-volt  Lahmeyer  machines  for  the 

EIross  and  Strand  Co.  have  each  some  500  slots 
nch  X  I J  inch,  milled  from  the  solid.  Three 
d   Engdhart    machines   worked   o\\    e-aOtx  ^m-^^ 
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There  is  no  doubt  that  a  milled-out  slot  enables  the  insula- 
tion of  the  armature  coils  to  be  effected  in  a  most  thorough 
manner,  and  if  the  core  is  first  dried,  the  burring  of  the 
plates  is  not  serious.  Even  when  the  holes  are  punched  out 
beforehand  they  generally  have  to  be  cleaned  out  with  a 
milling  cutter  if  they  are  parallel  slots.  A  drift  or  file  must  be 
used  when  tunnels  are  employed,  and  Fig.  43  shows  Mann's 
slot-cleaning  machine,  which  has  been  specially  constructed 
for  rhymering  out  such  tunnels. 

Cyclic  Irregularity. 

The  question  of  cyclic  irregularity  depends  mainly  on 
the  type  of  engine.  Of  course  the  ideal  condition,  is  the 
even  turning  given  by  a  turbine,  and  from  this  point  of  view 
the  more  cranks  there  are  on  an  engine  the  better.  A  good 
deal,  however,  depends  on  how  the  cranks  are  arranged, 
and  also  on  the  character  of  the  governing.  A  single  crank 
engine  is  better  than  the  usual  two-crank  type  at  right  angles, 
because  there  are  fewer  points  of  minimum  and  maximum 
speed  per  revolution.  In  this  country  the  three-crank 
engine  with  the  alternator  coupled  on  an  extension  shaft  at 
one  end  has  been  extensively  adopted,  whilst  on  the 
Continent  very  excellent  results  have  been  obtained  with 
single-crank  tandem  compound  engines.  At  Frankfort,  for 
example,  there  are  a  number  of  such  units  ;  they  all  run 
at  the  same  speed,  the  cranks  being  first  brought  into 
synchronism  by  electric  bell  contacts  on  the  flywheels. 

The  large  5,000  k.w.  machines  for  the  Manhattan 
Elevated  Railway  are  driven  by  combined  horizontal  and 
vertical  steam  engines,  so  as  to  equalise  the  turning  move- 
ment as  much  as  possible. 

A  great  deal  can  be  done  to  help  cyclic  regularity  by  fitting 
the  poles  with  damping  coils.  With  poles  of  solid  steel 
it  is  generally  sufficient  to  make  the  flange  of  the  magnet 
coil  nearest  the  pole  face  of  very  heavy  section  gunmetal  or 
copper.  In  fact,  these  are  often  arranged  to  span  from  pole 
tip  to  pole  tip.  If  the  poles  are  laminated,  Leblanc's 
aniortisseur  coils,  consisting  of  several  solid  copper  rods  let 
into  tlic  face  of  the  pole  and  short-circuited  at  the  ends,  are 
^^enerally  employed.  The  effect  of  this  low-resistance  circuit 
round  tlie  poles  or  t\\e  ^xvuotXIv^^^mx:  ^o\V$»  \s>  to  retard  any 
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shifting  of  field  magnetism   across  the  pole   face   and  so 
tend  to  correct  variation  in  angular  velocity,^ 


Voltage  Drop. 

It  is  important  that  the  voltage  drop  should  be  as  small 
as  possible,  for  besides  making  electric  lighting  more  difficult 
a  large  drop  is  detrimental  to  the  efficient  running  of  induc- 
tion motors,  inasmuch  as  the  torque  of  such  motor  varies 
with  the  square  of  the  impressed  voltage. 

The  voltage  drop  of  a  multiphase  alternator  is  due 
to  ohmic  resistance  of  the  copper  eddy-currents,  armature 
reaction,  armature  leakage^  and  increase  of  tie  Id -mag  net 
leakage  from  no  load  to  full  load. 

The  eddy- currents  set  up  on  the  face  of  an  alternator- 
pole  have  the  effect  of  demagnetising,  and  they  thus,  to  a 
slight  degree,  increase  the  drop,  and  from  this  point  of 
view  a  laminated  pole-piece  is  best. 

At  present  the  drop  is  the  principal  limiting  factor  of 
output,  being  generally  about  three  to  eight  per  cent,  with 
power  factor  unity,  and  ten  to  twenty  per  cent,  with  power 
factor  o'8.  Obviously  if  some  good  method  of  compound* 
ing  could  be  introduced  the  designer  need  not  worry  about 
the  amount  of  drop,  as  he  would  know  that  this  could 
be  corrected  by  the  compounding,  as  in  the  case  of  an 
ordinary  continuous-current  dynamo.  This  would  also 
result  in  the  output  of  any  given  carcase  being  considerably 
increased. 

Magnetic  leakage  is  the  most  important  factor  in  alter- 
nator design.  Of  two  machines,  both  of  which  give  the 
same  *^ size  constant"  iMj  that  which  has  the  largest  diameter 
will,  other  things  being  equal,  give  the  best  results,  because 
with  a  given  number  of  poles  they  are  further  apart,  and, 
therefore,  there  is  less  leakage*  On  the  other  hand  the 
expense  is  greater.     Where  the  periodicity  is  high  the  large 

*  The  armature  current  sets  up  magnetic  poles  over  the  core  surface,  and 
any  change  in  tht:  rejaiive  position  of  these  armature  poles  aJjd  tlie  Held  poles 
causes  tlie  damping  coils  to  t>e  cut  by  the  shifting  armature  maj^Tietism,  and 
currents  result  which  oppose  this  shifting  of  tnagnetism.  The  solid  copper 
rods  in  the  polar  surface  act  as  a  squirrel -cage  winding,  and  in  case  of  the 
alternator  loiiiug  its  exciting  current  the  machine  will  continue  to  rotate  as  an 
asynchronous  motor*  There  is  therefore  much  less  liability  of  breakdown* 
Giin-metal  castings  tx;twcen  ttie  poles  and  partly  covering  the  horns  are 
efficient  for  damping,  but  not  sufficient  to  cause  the  taa^ttme.  Iti  ravw  'a;*  ^ 
motor. 
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number  of   poles  required  may  bring  them  within  a  few 
inches  of  each  other,  and   there  is   considerable  leakage^ 

even  when  the  air-gap  is  reduced 
below  the  mechanically  safe 
limit.  Low  periodicities  are 
therefore  preferable  from  the 
manufacturing  point  of  view. 

If  there  is  a  bridge  of 
metal  at  the  top  of  the  tunnel 
it  soon  gets  saturated  to  its. 
utmost  limit,  and  acts  practically  as  an  air-gap.  At  the 
same  time  it  must  be  remembered  that  it  is  only  when  the 
poles  are  in  a  certain  position  that  saturation  occurs,  '^^^^™ 
lag  of  the  armature  current  causes  it  to  act  on  some  of  thc^H 
bridges  when  they  are  removed  from  the  direct  influence  1 
of  the  poles,  and,  therefore,  not  saturated.  On  this  accoiint^i 
it  is  best  to  have  half-open  tunnels,  ^M 

We  have  seen  that  in  dynamos,  armature-reaction  may 
be  reduced  by  working  at  high-line  densities'  on  the 
magnetic  material  near  the  air-gap,  and  by  placing  reluc- 
tance on  the  cross- field,  just  in  the  same  way  the  behaviour 
of  an  aiternator  can  be  improved  by  keeping  these  points 
in  view.  The  drop,  particularly  at  full  load,  may  be  kept 
down  by  so  designing  the  machine  that  there  is  only  a 
small  difference  in  the  leakage  at  full  had  and  no  load,  The^i 
actual  amount  of  leakage  is  not  so  material,  although,  o^^H 
course,  it  should  be  as  low  as  possible,  but  what  is  impor- 
tant is  that  the  difference  should  be  small. 

Shape  of  Curve, 

There  is  a  commercial  limit  to  which  the  number  of 
tunnels  per  pole  per  phase  should  be  pushed,  but  obviously 
the  more  distributed  the  winding  the  better  the  use  which 
is  made  of  the  armature-iron.  The  more  even  the  line- 
density  and  the  more  nearly  does  the  curve  approximate 
to  a  sine  curve. 

The  apparent  refinement  of  getting  as  near  to  a  sin 

curve  as  possible  repays  for  any  extra  trouble,  in  that 

reduces   the  stresses  on   the   insulation  and,  to   a  certain 

*  It  may  be  well  to  note  that  as  the  speed  of  an  aUenialor  h  governed 
flitectly  by  the  periodicity^  it  is  necessary  to  have  something  in  hand  when 
^'lag  on  iht  Jinc-denbity  in  tht  teelh^  ot\^^ltvJ\"yl  tive  req^uired  volUge  may  tiot^ 


te 
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extent,  gives  a  saving  of  energy.  The  self-inductance  of  a 
circuit  smooths  out  irregularities  in  the  potential  curve  to 
a  certain  extent^  but^  at  the  same  time,  where  rotaiy  con- 
verters are  employed,  it  is  well  to  take  extra  precautions  to 
gfit  as  near  a  sine  curve  as  possible. 

Good  results  are  obtained  by  bevelling  the  tips  of  the 
field-poles,  so  giving  a  better  distribution  of  magnetic  lines. 


Tables^  Gtc^— Multlphaso  Alternators. 

Alternators  are  usually  worked  at  higher  peripheral 
speeds  than  dynamos,  for  one  thing  because  the  periodicity 
requires  a  larger  number  of  poles,  and  to  find  room  for 
them  large  diameters  are  necessary.  As  will  be  seen  from 
Table  VL,  speeds  of  over  5,000  feet  per  minute  are 
common.  As  a  matter  oi  fact  welUmade  shr ink-ring  jointed 
cast-steel  flywheels  may  be  run  at  7,000  feet  per  minute  and 
still  have  a  fair  factor  of  safety.  Cast  iron  is  limited  to  about 
5^000  feet  per  minute.  The  weight  of  a  flywheel  alternator 
being  relatively  so  very  great,  it  is  only  possible  to  keep  the 
shaft  within  reasonable  dimensions  by  reducing  the  distance 
between  tlie  bearings,  for  the  deflection  of  a  shaft  is  roughly 
proportional  to  the  cidie  of  the  distance  between  the 
hearings.  On  this  account  the  necessary  weight  is  usually 
obtained  by  making  the  magnet  wheel  serve  as  the  flyw^heel, 
<ind  velocity  squared  is  obtained  by  increasing  the  diameter 
*oits  utmost  limit  With  a  built-up  construction  as  shown 
m  Fig,  31,  a  peripheral  speed  of  as  high  as  8,000  feet  per 
niinute  can  be  attained. 

Table   VI L,   which  is   deduced  from  Table   VL,  gives 

^^JCfficients  as  in  the  case  of  the  multipolar  dynamos,  and  it 

hWll  be  seen  that  they  vary  considerably,  f,^,,  applying  the 

^teiiimetii   formula    to    alternators    the  figure    appears    to 

vary  from  two  to  eight,  and  in    the  ** output  equation'' 

Watts  ^  coefficient  x  /;  x  d^  x  /, 

lae  figure  varies  in  somewhat  the  following  manner  : — 


For  the  largest  Bywheel  alternators 
„    large  alternators 

„     medium  size  alleniators^  say  300  k.w, 
„     s/nai/ aiferuaiors        ,,.         


CocfBcient  for 
output  equation. 

,„       03 

» ..       'Q2 

,,,      '01 
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Table  VIII.  gives  the  proportions  of  a  line  of  two-phase 
alternators  for  various  values  of  d^l.     It  will  be  noticed  that 
as  the  machines  get  larger  in  diameter,  the  length  of  the 
core  tends  to  remain  at  about  lo  per  cent,  of  the  diameter. 
As  a  matter  of  fact,  in  getting  out  a  new  machine  many 
designers  arrange  the  size  so  as  to  get  a  circular  section- 
pole.    The  particulars  given  in  Table  VIII.  are  for  two-phase 
machines  on  a  non-inductive  load. 


Fu;.  43. — Mann's  Slot-clearing  Machine. 

The  percentages  of  the  various  items  which  go  to  make 
up  the  material  for  a  machine  say  7  feet  diameter,  are  given 
below — 


Materials — 

Percentages  of  total 
cost  of  mateiial. 

Armature  copper 

2  per  cent. 

Field  copper 

9      M           „ 

Armature  stampings  ... 

...       13    ,,       „ 

Field  poles       

...         «    „       „ 

Insulating  materials  ... 

5    »j 

Armature  shell,  flywheel, 

shaft,  bearings 

-.      42    „      „ 

Mibcellaneous 



21    „      „ 

I    have  to  thank  the  various  firms,  including  Madame 
Dunod  and  Co.,  the  publisher  of  Vkledricite  a  V Exposition 
dc  1900,  who  have  kindly  supplied  several  of  the  drawings 
i/iustrating  this  paper. 
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The  President  :  Gentlemen^  it  i*^  rather  late  in  the  evening  to  begin   SLj  JM 
the  discussion.    We  must  remember  that  the  authors  of  these  papers               |H 

have  sacrificed   themselves  in  our   behalf  by  reading  the   papers  so                ■ 

very  shortly.    If  you  look  at  the  papers  you  will  find  that  to-night  we               fl 

ha%^e   practically   gone   through   one   hundred   pages  of   our  |ournah              H 

Both  the  papers  are  full  of  detail  and  important  matter.     Any  one  who               ^M 

wishtiS  to  discuss  the  papers  ought  to  read  them  caruf  ully,  because  there               ^M 

is  an  immense  amount  of  information  in  them  that  has  not  been  read               ■ 

to-night.                                                                                                                          1 

■    The  President  announced  that  the  scrutineers  reported  the  fallow-             H 
lag  candidates  to  have  been  duly  elected  : —                                                        ^t 

^                                               Members,                                                           ^M 

1     David  Sing  Capper* 

Calvin  W.  Rice.                                         ■ 

H  Albert  Neumann  Connett, 

Norman  Scott  Russell.                             H 

W  Walter  Bernard  Hopkins, 

Guy  Lutley  Sclater  (Com.  R.N.)               ■ 

John  Beaumont  MttchelL 

Charles  Felton  Scott,                                H 

m    Charles  Remington. 

Harold  Babbitt  Smith.                            ■ 

B                                               Charles  Weiss.                                                            ■ 

^^K                                  Associate  Members.                                               ^^^1 

^^aincs  Ait  kern 

Charles  Robert  Heath.                       ^^H 

Benjamin  John  Da}'. 

Frederick  Hugh  Rothes  Neville.        ^^| 

Colin  McKenzie  Gardner. 

Richard  Pape.                                     ^^H 

Charles  A,  Gillin, 

Hubert  Edward  Rogers.                    ^^^| 

George  Frederick  Gowcr* 

Oliver  Cromwell  Spurling.                       ^| 

Tom  Wei  beck  Graves. 

Cecil  Strafford.                                           H 

Edward  Stanley  Harpham* 

f       Frank  Walter,                                            H 

^m                                     Ludwig  Hermann  Wilms.                                                     ^M 

^^^F                                         Associates.                                                              ^| 

H  William  Roger  Anderson. 

John  Cruttall  jenner*                                 ^| 

■  Ernest  Brook, 

John  Kirk  wood,                                            ^| 

"  E,  A.  T.  W,  Clifford. 

W.  A.  a  Knight.                                       H 

James  Coxon, 

Robert  Jaflray  Nicholson.                         H 

George  Wills  Cripps, 

William  Edward  Reath,                            B 

Robert  Napier  Cunningham. 

Geo*  Rob.  Wesley  Roberts.                        I 

Harry  Cur p hey. 

Wm.  Morrish  Selvey,  Wh,  Sc.                  1 

Robert  Cuthbert 

A.R.C.SC.                                                H 

JK  Damodar  Ganesh   Dani^   B,Sc,, 

Thos.  Reginald  Stancombe.                        ■ 

P         RC.H. 

Frederick  Othniel  Steed.                       ^^H 

Frank  George  Evans. 

Robert  Steel                                       ^^H 

Harold  R,  G.  Forsten 

j  olm  WiWianv  T  ut  ue,^  <               ^^^^^H 

Frndr,dck  Aiwyn  Hmgh. 

H  arold  \Ma\ke^ .                        ^^^^H 
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James  Emile  Andrews. 

Friend  Hartley  Beal. 

Fred  M.  Bray. 

Roy  Apted  Broad. 

Alec     Burrowes,     2nd      Lieut 

R.  G.  A. 
Robert  Harold  Chalk. 
Geo.  Augustin  Cladingbowl. 
G.  B.  G.  Cleather. 
Alfred  Craven. 
C.  A.  Henry  Edwards. 
Roy  Remington  Elliott. 
Arthur  Edward  Flynn  Fawcus. 
David  Derwent  James  Fawcus. 
Patrick  Anthony  Gibney. 
John  Scear  Gibson. 
Arthur  Allan  Gomme. 
Robert  Alfred  Ives. 


Stanley  Jones. 

C.  Herbert  Lange. 

James  Burne  Leefe,  2nd  Lieut 

R.G.  A. 
Stanley  Harris  May. 
Alexr.  Duncan  Melville. 
Leopold  Geo.  Esmond  Morse. 
Charles  Sidney  Perry. 
Lewis  W.  Phillips. 
John  Morgan  Griffith  Rees. 
Cecil  Robinson. 
Charles  Wesley  Rycroft. 
Harry  Robert  Speyer. 
Harold  Stanley  Taylor. 
Wilfrid  Stephen  Taylor. 
Richard  W.  R.  Twelvetrees. 
Frederick  Wakeman. 
Harry  Whitworth. 
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The  Three  Hundred  and  Eighty-eighth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution  of 
Civil  Engineers,  Great  George  Street,  Westminster,  on 
Thursday  evening,  February  12th,  1903 — ^Mr.  James 
Swinburne,  President,  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  February 
5th,  1903,  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  the  Institntion 
were  announced,  and  it  was  ordered  that  their  names  should  be 
suspended  in  the  Library* 

The  following  transfers  were  annoy  need  as  having  been  approved 
by  the  Council  :— 

From  the  class  of  Associates  to  that  of  Associate  Members^- 


Walter  Ainscough. 
Alfred  N.  Hazle  hurst. 
Francis  H,  Merrit, 
John  S.  Plnmtree, 


Heni*v  F.  J,  Thompson. 
John  C.  A.  Ward 
Ernest  T.  Williams. 
Adolf  Schoder. 


From  the  class  of  Students  to  that  of  Associates — 
Charles  E,  Gunner.  [  Mahmoud  Samy. 


F.    C.    Knowles    and    O*    C.    Spurling    were    appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members. 

Donations  to  the  Library  were  announced  as  having  been  received 
since  the  last  meeting  from  Mr.  E.  Garcke  ;  to  the  Building  Fund  from 
Messrs.  F.  W,  Clements,  W,  P,  Digby,  V,  M.  Gill,  M.  M.  GUlespie, 
W,  W.  Strode,  G.  Walsh,  and  C.  E,  Wilson ;  and  to  the  Ecmvohtd  Fund 
from  Messrs.  H.  J.  Glynn  and  M,  M,  Gillespie^  to  whom  the  thanks  of 
the  meeting  were  duly  accorded. 

The  President  :  The  Council,  In  accordance  with  a  suggestion  that  JJ* . . 
has  been  made,  ask  any  members  to  put  forward  the  names  of 
Members,  Associate  Members,  or  Associates  they  would  like  to  see  on 
the  Council,  and  any  suggestions  that  are  sent  in  before  the  i2th  of 
March  will  be  considered  by  the  Council.  The  idea  is  that  the  Council 
might  by  some  chance  pass  over  somebody  who  ought  to  be  on  the 
Council,  and  therefore  if  any  of  the  members  suggest  a  candidate  who 
they  think  ought  to  be  on  the  Council,  if  they  will  put  his  name 
forward,  it  does  not  mean  that  the  nomination  will  be  made,  but  that 
the  Council  will  consider  that  name  when  they  are  preparing  the  list  of 
nominations. 

We  will  now  begin  the  discussions  on  Ih^  pa'^^i^  ol  ^\x .  '^'5."=Kitv  'axA 
Mr.  Kilburn  ScoiL    Will  Professor  Caru^-WVV^u  op^ii^b^^  eCv^xi.^^ra^''- 


-—— — —  -     - — -— 


Caru«- 
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Prof.  Carus-Wilsox  :  With  reference  to  the  question  of  commuta- 
tion on  page  404  of  his  paper,  Mr.  Scott  says,  "  Designers  appear  to  be 
practically  agreed  that  to  get  sparkless  commutation  and  a  minimum 
zone  of  movement  of  the  brushes,  there  must  be  a  certain  relationship 
between  the  ampere  turns  required  for  the  air-gap  at  full  load  and  the 
cross  ampere  turn  of  the  armature."     He  then  gives  tables,  illustrating 
this  statement,  obtained  from  modern  standard  railway  and  lighting 
generators.    This  view  of  the  sparking  question  has  been  accepted  as  a 
working  hypothesis  for  many  years,  ever  since  Mr.  Esson  brought  it 
before  this  Society ;  but  it  has  given  place  to  other  views,  notably  to 
that  held  by  American  designers.    The  old  view  is  illustrated  by  the 
diagram  in  Fig.  A.    This  shows  the  surface  of  the  armature  with  the 
fields  developed  in  the  usual  way,  and  curves  giving  the  magnetisation, 
due  to  the  fields  and  armature  reaction,  also  a  curve  of  magnetisatiarx 
due  to  the  combination  of  the  two  with  the  brush  unshifted.    The  olc^ 
view  amounts  to  this  :  that  in  order  to  get  sparkless  commutation,  tli.^ 


Fig.  a. 


magnetisation  produced  by  the  armature  at  the  pole-tips  must  be  less 
than  that  produced  by  the  magnets  at  the  pole-tips. 

Now  in  the  200-kilowatt  machine  referred  to  by  Mr.  Scott,  the  effect 
of  the  armature  at  the  poles  is  about  equal  to  that  due  to  the  field. 
Thus  from  the  old  point  of  view  it  is,  as  Mr.  Scott  says,  surprising  that 
it  is  possible  to  get  sparkless  commutation  with  the  field  at  the  pole  due 
to  the  magnets  completely  wiped  out  by  armature  reaction.  We  are  not, 
however,  concerned  with  what  happens  at  the  poles,  but  with  what  goes 
on  under  the  brush,  and  any  formula  or  rule  which  gives  us  a  relation 
between  the  fields  produced  by  armature  and  magnets  under  the 
poles,  really  does  not  help  us  at  all.  We  want  to  know  what  it  is 
that  ^oes  on  under  the  brush.  The  field  under  the  pole-tip  maybe 
completely  wiped  out ;  but  so  long  as  we  have  the  right  state  of  affairs 
under  the  brush,  we  may  get  sparkless  commutation.  So  that  this  old 
view  of  the  sparking  question,  based  upon  what  happens  under  the  poles, 
is  absolutely  no  guide  \v\vatc\cr.  The  American  way  of  looking, at  the 
question  is  better.  It  \s  t\\\s  *.  \.Vv<i^J  cow%\^^t ^\\a.\.'Ocv^'^  ^-ail  the  reactance 
voU'dgc  ;  that  is  to  suy,*msVc\xdoi  Vto>i^A\Yv^\X\^\x\v^'a.e^'s»^ws^^ 
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of  a  cotl  to  spark  by   Frof, 


I 


I 


L 


Oil  under  the  pole -tip,  they  measure  the  tend 

what  they  call  the  reactance  voltage.  Taking  that  200- kilowatt  machine 
referred  to  by  Mr*  Scott,  the  reactance  voltage  per  coil  under  the 
brush  is  about  8  volts,  that  is^  they  take  this  as  a  measure  of  the 
tendency  of  the  coil  to  spark.  That  is  a  great  improvement  as  far  as  it 
goes*  But  it  fails  in  this  respect :  that  they  then  go  on  to  compare 
this  reactance  voltage  with  the  average  voltage  per  coil ;  that  is,  the 
voltage  between  the  brushes  divided  by  the  number  of  coils  between 
the  brushes.  Then  it  is  put  in  this  way  :  that  the  reactance  voltage 
must  bear  a  certain  relation  to  the  average  voltage.  In  the  case  of  the 
aoo-kilowatt  machine  already  referred  to,  the  average  voltage  is  about 
7  volts,  and  it  he  reactance  voltage  8  volts^  and  the  view  is  that  there 
must  be  more  or  less  of  an  equality  between  these  two  ;  that  is,  if  the 
reactance  voltage  is  high  the  average  voltage  must  be  high,  and 
vice  versa. 

Now  I  consider  this  to  be  an  entirely  delusive  Idea,  and  that 
the  relation  of  these  two  voltages,  although  it  may  in  a  certain  type  of 
machine  give  some  indication  as  to  whether  the  machine  is  properly 
designed,  really  does  not  indicate  in  the  least  what  is  going  on  under 
the  brush,  because  the  average  voltage  is  a  purely  imaginary  thing,  and 
does  not  represent  anything  going  on  under  the  brush  that  counteracts 
the  tendency  to  spark  as  measured  by  the  reactance  voltage.  The  only 
thing  that  we  can  go  by  is  the  actual  field  in  which  the  brush  is  placed. 
Fig.  A  shows  that  the  field  produced  by  the  armature  under  the  brush 
is  always  of  the  wrong  sign  for  commutation  j  and  the  amount  of  this 
field  depends  practically  upon  the  interpolar  distance,  a  in  the 
figure.  As  a  matter  of  fact  the  sparkless  running  hardly  depends  at 
all  upon  the  width  of  the  air-gap,  ^,  it  depends  mainly  upon  this 
distance  a.  In  the  ^oo-kilowatt  machine  the  induction  under  the  gap 
due  to  the  magnets  is  8,000  lines  per  square  centimetre,  the  induction 
due  to  armature  reaction  under  the  pole-tip  is  8,600  lines,  and  the 
induction  under  the  brush  due  to  armature  reaction  is  equal  to  2,600 
lines  per  square  centimetre,  and  is  of  the  WTong  sign  for  commutation  ; 
that  is  to  say,  so  far  from  having  the  brush  in  a  field  of  the  right  sign 
for  commutation,  there  is  actually  a  field  of  2,600  lines  per  square 
centimetre  of  the  wrong  sign  for  commutation. 

Comparing  the  aoo  and  250-kilowatt  machines,  in  the  former  the 
reactance  voltage  is  8  and  the  average  voltage  is  7  ;  in  the  latter  the 
reactance  voltage  is  5  and  the  average  voltage  is  5 ;  so  that  from  this  point 
of  view  the  two  are  practically  equal  as  regards  sparking.  Yet  we  find 
that  while  in  the  200-kilowatt  machine  there  is  an  induction  under  the 
brush  of  2,600  lines,  in  the  other  machine  the  induction  is  just  half  of 
that,  and  the  conditions  of  commutation  consequently  much  better. 
The  reason  of  the  difference  is  mainly  that  the  interpolar  distance  in 
the  first  machine  is  only  21  centimetres,  while  in  the  second  machine 
it  is  32  centimetres. 

What    I    want   to  urge    is   this,  that  this  American   method  of 
estimating  the  commutating  conditions  of  a  machine  by  comparing 
the   reactance  voltage   with    the  average  voltage ^  ttv^;>VL^  -a^  "^Vvl^  vd. 
the  right  direction,  does  not  go  far  eaoiagji,    ^  a  ^«^\i'L  \s  ^Q^EKi^^-aJt^  "^^ 
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reactance  voltage,  or  the  tendency  to  spark,  with  the  actual  magnetic 
condition  under  the  brush.  It  is  remarkable  that  sparkless  commuta- 
tion can  be  effected  with  the  brushes  in  a  strong  field  of  the  wrong 
sign  for  commutation  ;  if  it  were  not  for  the  use  of  the  carbon  brush 
we  could  not  possibly  get  the  results  that  we  do.  The  distribution 
curves  of  any  of  these  generators  or  motors  show  that  the  brush  is 
commutating  sparklessly  in  conditions  which  one  would  have  believed 
to  be  absolutely  impossible.  I  have  some  slides  showing  the  results  of 
tests  made  on  a  railway  motor. 

Fig.  B  gives  the  magnetisation  curves,  showing  the  strong  field 


borall. 


under  the  hru>h  due  to  armature  reaction,  of  the  wrong  sign  for 
commutation.  This  motor  was  being  run  as  a  generator,  so  that  the 
sign  of  the  respective  fields  are  those  for  a  generator.  There  is  a 
^reat  deal  yet  to  be  done  on  this  question  of  commutation,  and  if  I 
might  throw  out  a  hint  to  those  who  have  laboratories  and  money 
to  do  what  they  like  with,  it  would  be  to  investigate  with  a  Duddell's 
oscillator  the  condition  of  current  reversal  under  a  brush  during  the 
operation  of  commutation. 

Mr.  A.  C.  Eborall:  I  would  first  of  all  like  to  thank  Mr.  Esson 
and  Mr.  Scott  for  lV\c\v  V2tpe\:'a\  ?»wOcv  ^■a.-^ers,  together  with  the 
discussions  upon  tUcm,Wm^  ouV  \xv'a.Yv>j  mV^^^^NXxv^ -axA  \i.-.^\>3J.  ^Qints, 
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and  are,  therefore^  greatly  appreciated  by  designers  and  others  interested 
in  the  subject* 

The  first  point  I  would  (ike  to  refer  to  briefly  to-night  is  in  connec- 
tion with  the  question  of  the  "output-coefificicnt "  of  standard  machines, 
which  ha*i  been  dealt  with  by  both  authors,  I  have  never  been  able  to 
make  much  use  of  the  Steinmetz  formula  given  by  Mr.  Scott,  and 
consider  that  its  utility  is  limited  strictly  to  standard  hues  of  machinery^ 
all  of  the  satne  type,  and  designed  upon  similar  hues  wnth  regard  to 
electrical  and  magnetic  conHtauts.  Hence,  I  agree  with  Mr.  Scott  that 
the  better  known  output  rule,  which  takes  the  Speed  into  account,  is  to 
be  preferred  for  prelimiuary  calculations, 

I  should  like  to  draw  your  attention  to  the  fact  that,  in  a  well- 
designed  series  of   machines  with  similar  constants,  the  value  of  the 
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'Output  coefficient  varies  in  a  perfectly  regular  way,  ^ccordin^*  to  the 
size  of  the  machine.  Thus,  for  instance.  Fig,  C  shows  the  value  of  the 
coefficient  for  a  standard  series  of  modern  direct-current  dynamos,  all 
built  to  a  certain  standard  specification  ;  the  points  lying  off  the  curve, 
marked  by  crosses^  belong  to  older  types^  abandoned  because  the 
machines  in  question  had  bad  ''running  values,*'  Fig,  D  shows  a 
similar  curvCj  drawn  out  for  the  standard  series  of  machines  given  by 
Mr.  Scott  in  Table  IV. ;  in  this  case,  as  will  be  seen,  certain  sizes  might 
be  improved  by  slightly  altering  the  dimensions  or  the  ratings.  Similar 
curves  can  be  constructed  for  alternators  and  induction  motors,  and 
are  of  considerable  use  to  the  designer  for  preliminary  calculations. 

Referring    to    Mr.   Scott's    standard    specification    for    polyphase 
generatorSj  I  w^ould  say  thatj  in  my  opinion,  it  is  not  possible  to  lay 
down   hard  and  fast  rules  governing  the  constructioiii  as  Mr,  Scoti 
has  done,  for  most  cases  have  to  be  decided  ^^poti  feevt  o'^'t^  \^^f\V^^ 
Bt  any  rate  with   very  large   machines.     ?or  \n^l^s\c^,  coT\s\5L^e^  "^"^ 
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sboraD.  number  of  armature  slots — in  a  large  machine  it  will  rarely  happen 
that  two  slots  per  pole  per  phase  will  be  enough,  and  the  advant^es 
in  employing  a  larger  number  in  the  way  of  getting  rid  of  harmonics 
in  the  E.M.F.  wave,  and  in  diminishing  armature  leakage  and  noise, 
will  far  more  than  compensate  for  the  slight  additional  expense. 
Again,  although  I  am  personally  in  favour  of  former-wound  coils  as 
a  rule,  yet  for  certain  cases  hole  windings  are  superior. 

I  would  next  like  to  correct  Mr.  Scotf  s  statement  that  a  two-phase 
generator  requires  25  per  cent,  more  armature  copper  than  a  three- 
phase  machine.  As  a  matter  of  fact,  as  Mr.  Esson  states,  there  is 
practically  no  difference  in  the  two  types,*  a  standard  carcase 
giving  the  same  output,  whether  as  two-phase  or  three-phase,  with 
the  same  heating  and  pressure  drop.  It  is  otherwise,  however,  with 
two-phase  motors,  as  these  are  not  only  larger,  but  they  are  some- 
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what  inferior  to  three-phase  motors — for  instance,  a  carcase  for  a  i  oo 
H.P.  motor  must  be  rated  at   90   H.P.  for  a  two-phase  motor,  the 
efficiency  and  power-factor  of  the  latter  being  about  i  per  cent,  les^ 
and   the  overload   capacity,  before  falling  out  of  step,  25   per  cent 
less. 

In  reference  to  high-speed  alternators  referred  to  by  Mr.  Scott,  at 
a  given  speed  the  low-frequency  alternator  has  fewer  poles  than  the 
high-frequency  machine  ;  the  latter  has  many  poles,  and  hence  the 
higher  the  speed  the  better.  As  a  matter  of  fact,  if  there  is  one  fact 
more  certain  than  any  other,  in  connection  with  alternator  design,  it 
is  that  the  higher  the  speed  the  better  will  be  the  machine,  quite 
irrespective   of    the  frequency  or    anything  else.     For  the  pressure 

'  Of  course,  owing  to  the  greater  variations  in  the  strength  of  the  armature 
reactive  flux,  the  armature  reaclioiv  \?>  relatively  a  little  greater  (about  6  per 
cent)  with  a  two-phase  generalot  \\\?itv>N'V0cv7i  \;}wct^->^\\'afi»^r.  But  this  small 
difference,  does  not,  in  pracUce,  ^iftedi  \)a^  ^vLt  <^^  'i'^^N.  ^\  N!^^  \.^^^hase 
machine. 
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regulation  of  the  hjgh-?ipecd  machine  is,  of  course,  much  better^  while  Mr. 
the  parallel  running  is  much  better,  firstly,  because  the  cyclic  irregubrity      ^ 
of  the  high-speed  engine  is  less,  and,  secondly,  becausej  with  a  given 
cyclic  irregularity,  the  phase  displacement  of  the  E.M.F.  waves  of  the 
machine  in  parallel  is  less,  on  account  of  the  larger  pole  pitch  of  the 
high-speed  machines. 

In  connection  with  the  pressure  regulation  of  alternators,  w^hUe 
agreeing  with  Mr.  Scott  that  it  is  of  importance  that  the  magnetic 
leakage  of  the  field  system  should  vary  as  little  as  possible  from  no 
load  to  full  load,  if  a  small  drop  of  pressure  is  required,  yet  this  is 
certainly  not  the  most  important  pomt  to  be  observed.  Of  greater 
importance  is  the  proper  ratio  of  field  ampere  turns  to  armature 
ampere  turns,  and  also  the  reduction  of  the  armature  leakage  to  a 
minimum^  the  proper  length  of  the  air  gap,  and  the  saturation  of  the 
pole  shoes  and  armature  teeth*  It  is  only  by  attending  to  all  these 
matters  that  the  pressure  drop  can  t»e  kept  within  reasonable  limits, 
especially  on  inductive  loads,  as  indeed  Mr.  Esson  has  indicated. 

Coming  now  to  Mr.  Esson' s  paper,  I  would  first  like  to  say  that 
the  A.E.G*  machines  at  Moabit,  referred  to  by  him,  are  certainly  not 
the  largest  constructed  up  to  date  in  Europe.  I  shall  be  pleased  to 
show  Mr*  Esson,  or  any  other  member,  machines  nearly  20  per  cent 
larger,  and  also  nearer  home.  A  machine  of  3^500  kilowatts  has  been 
working  at  Willesden  for  six  months,  and  I  am  now  putting  down 
another*  These  machines  arc  two-phase,  and  run  at  75  revolutions  and 
10,500  volts* 

I  wnll  not  now  discuss  the  alternators  with  braced  armature  frames, 
referred  to  by  Mr,  Esson  (and  also  by  Mr,  Scott),  as  I  did  so  in 
considerable  detail,  along  with  tnany  other  matters  connected  with 
alternator  design  referred  to  by  both  authors,  in  a  paper  published  In 
Engineering  last  June  ;  I  would,  however,  like  to  make  a  few  remarks 
on  certain  other  questions  raised  by  Mr*  Esson. 

I  would  like,  for  one  thing,  to  corroborate  what  Mr.  Esson  says 
with  regard  to  *^  core  "  transformers  ;  it  is  indeed  a  matter  of  surprise 
that  transformers  of  any  other  type  are  nowadays  put  down*  Not  only 
is  the  cooling  very  much  better,  as  a  whole,  as  Mr.  Esson  says,  but  no 
part  of  the  windings  gets  very  hot—  with  a  shell  transformer,  although 
the  outside  parts  may  be  cool,  certain  internal  parts  are  unavoidably 
far  hotter  than  is  safe,  and  breakdowns  of  the  high-pressure  coils  are 
common  from  this  cause.  Then  again,  a  core  transformer  can  be  built 
with  butted  joints,  which  I  consider  an  advantage  for  power  work 
(here  the  higher  no-load  current  does  not  matter)  because  of  the  ease 
with  which  repairs  can  be  executed*  Finally,  owing  to  the  small 
winding  depth,  and  to  the  high  reluctance  of  the  leakage  paths, 
magnetic  leakage  can  be  reduced  to  a  very  small  amount,  which  results 
in  a  very  small  pressure  drop,  even  on  inductive  loads,  as  Mr*  Esson 
states. 

I  am  rather  surprised  Mr.  Esson  has  not  referred  to  the  question  of 
cooling  In  connection  with  transformers*     With  large  transformers,  it 
is  the  most  difficult  matter  the  designer  has  to  ta,(^\!L\Q,,  -asvi.  \1  \^n^  Vsfc 
said  that  in  ord^r  to  avoid  an  excessive  amowwV  ol  ta'aXe.T\?i5t,  ^w^  ^^ 
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Eboraii.  impaired  electrical  performance,  some  form  of  artificial  cooling  is 
necessary  with  sizes  above  about  loo  kilowatts,  while  it  may  often  be 
used  with  advantage  even  earlier.  There  is  no  time  now  to  discuss  the 
rival  merits  of  oil  and  forced  draught  cooling  in  detail,  but  I  may  say 
that  I  consider  forced  draught  cooling  preferable  on  the  whole,  provided 
the  transformers  are  in  a  dry  place,  principally  because  it  is  cleaner 
and  more  convenient.*  With  very  large  oil-cooled  transformers  the  oil 
has  to  be  circulated,  or  water  cooled,  and  such  large  amounts  of  oil  in, 
for  instance,  a  sub-station,  are  not  very  nice  ;  again,  once  the  windings 
of  the  transformer  have  been  immersed  for  some  time  in  the  oil,  it  is  not 
advisable  to  touch  them  again,  as  the  insulation  generally  suffers.  If  a 
coil  in  such  a  transformer  burns  out,  it  often  means  that  the  whole 
winding  has  to  be  renewed  for  this  reason. 

Referring  to  the  compensated  motor  invented  by  Mr.   Heyland, 
referred  to  by  Mr.  Esson,  I  would  say  that  the  author  has  made 
a  slip  here,  as  it  is  a  pure  induction  motor  and  nothing  else.    It  is 
simply  a  single  or  polyphase  induction  motor,  fitted  with  a  small  and 
and  absolutely  sparkless  commutator,  in  addition  to  the  slip  rings,  and 
differs  from  the  standard  motor  only  in  the  fact  that  its  power-factor  is 
practically  unity  at  all  loads.   It  works  with  a  rotating  field  and  a  short- 
circuited  rotor,  just  as  usual,  the  only  function  of  the  commutator  gear 
being  to  supply  the  compensating  wattless  currents ;  the  speed  is 
synchronous  at  no  load  and  slips  a  few  per  cent,  with  the  load,  as  usual. 
I  do  not  think  such  motors  will  ever  be  much  used  in  small  sizes,  seeing 
that  the  cheaper  and  simpler  standard  motors  have  already  power- 
factors  of  80-90  per  cent.,  but  for  large  motors,  particularly  for  slow- 
speed  motors  with  very  many  poles,  the  Heyland  compensating  device  ■ 
is  undoubtedly  of  sound  commercial  advantage. 

Finally,  I  would  like  to  refer  to  Mr.  Esson's  statements  relative  to 
the  question  of  the  pressure  regulation  of  polyphase  alternators.  From 
Mr.  Esson's  remarks,  it  might  be  inferred  that  he  and  other  designers 
could,  if  they  liked,  actually  build  a  standard  line  of  generators  having 
a  drop  of  only  2^  per  cent,  on  a  more  or  less  inductive  load,  but  that 
this  is  not  the  case  everybody  knows,  as  it  is  nearly  a  physical  impos- 
sibility to  build  commercial  iron-cored  machines  with  such  drops.' 

Of  course,  if  the  alternator  is  tested  upon  a  load-possessing  capacity, 
such  a  small  full-load  drop  could  be  obtained,  but  not  otherwise,  and 
neither  Mr.  Esson  nor  any  one  else  can  show  us  examples  of  commer- 
cial standard  machines  with  actual  drops  of  this  order.  This  being  so, 
(and  there  is  no  doubt  about  it  whatever),  I  entirely  fail  to  see  the  force 
of  Mr.  Esson's  rtMnarks  on  the  subject  of  the  relative  weights  of  British 
and  Continental  polyphase  generators. 

I  must  here  confess  that  the  knowledge  I  have  of  the  weights  of 
standard  English  polyphase  generators  has  been  obtained  by  looking 

^  For  pressures  above  about  15,000  volts,  however,  an  oil-cooled  trans- 
former must,  as  a  rule,  be  employed,  on  account  of  other  considerations; 
that  is  to  say,  because  of  the  valuable  properties  of  the  oil  from  the  insulation 
point  of  view.  The  above  remarks  are  only  intended  to  apply  to  transformers 
which  have  to  be  used  at  the  more  usual  pressures  of  10,000  volts  and  less. 
^  J  do  not  of  course  rei<:v  to  luTbo-'atW-^tTvaXo^?,  -a-wi  other  special  types  in 
this  connection,  but  simp\y  to  staud'Atd rcvaOc\vc\^%. 


Ithtjm,  forj  contrary  to  the  universal  practice  on  the  Continent,  not  Mr  Eborai 
one  British  maker  publishes  the  weights  of  his  polyphase  apparatus* 
Outhc  other  hand,  I  know  from  experience  that  the  machinery  of  first- 
class  Continental  lirms  is  quite  heavy  enough  (leaving  out  such  unde- 
sirable cpnst ructions  as  those  of  the  braced  frame  generators  described 
by  both  authors),  and  that  the  performance  and  construction  of  poly* 
pha^e  plant,  as  built  by  Brown  and  similar  firms,  leaves  nothing  to  be 
desired  in  the  present  state  of  the  art  If  British  machines  are,  or  have 
been,  too  heavj'  (and  I  doubt  this  very  much)  1  attribute  it  to  the  fact, 
and  I  think  most  reasonable  people  will  agree  with  mc^  that  the  experi- 
ence of  this  country  in  such  work  is  practically  nil,  compared  with  that 
of  the  Continent 

■  As  ah'cady  indicated,  Mr*  Esson's  drop  of  2|  per  cent,  is  an  impossi- 
Rlity  with  a  standard  iron -cored  modern  alternator.  The  best  that  can 
be  got  with  such  a  machine  is  about  4  per  cent,  upon  a  non-inductive 
load  J  and  12  per  cent,  upon  a  load  of  80  per  cent*  power-factor.  But, 
as  Mr*  Esson  quite  rightly  says,  the  Continental  machine  usually  has  a 
5-6  per  cent*  and  16-18  per  cent,  drop  under  these  conditions  respect* 
ively,  and  it  becomes  necessaiy  to  see  why  this  is. 

^  I  must  first  point  out  that  Mr.  Esson  is  wrong  in  saying  that  small 
Brops  of  the  order  he  mentions  are  unnecessary  in  practice^  for  nothing 
would  be  more  desirable  if  they  could  be  obtained.  The  successful 
forking  of  any  three-phase  hghting  and  power  system  depends  to  a 
fc^  large  extent  upon  the  quality  of  the  pressure  regulation — ^if  the 
^aerators  have  large  drops  the  lighting  cannot  be  otherwise  than  bad, 
^hile  tlie  performance  of  the  motors  will  be  affected,  for  the  reason 
given  by  Mr.  Scott  in  his  paper.  Again,  for  three-phase  railway  work, 
good  pressure  regulation  of  the  generators  is  an  absolute  necessity,  as 
^'le  following  example  will  show.  On  a  railway  with  but  few  trains 
^^nning,  it  may  qnite  weli  happen  that  the  load  on  the  generators 
^'^nes  within  a  few  minutes  from  2:ero  to  full  load*  At  this  latter  load, 
the  pressure  on  the  terminals  of  the  motors  will  be  normal,  and  the 
pressure  drops  on  the  system  would  be  about  as  follows  :— 


Trolley  lines 

Transformers       

Feeders 

Generators    ,* 

Due  to  engine  governors 

Total    *.* 


5  per  cent*' 

4  per  cent. 

5  per  cent 
1 6  per  cent 

5  per  cent.  J 

35  per  cent 


Expressed  in 
terms  of  the 
'bus- bar  pres- 
sure* 


[So  that,  for  instance,  if  the  full  load  'bus- bar  pressure  is  6,000  volts, 
I  this  pressure  would  be  constantly  and  quickly  fluctuating  betweei> 
bout  6jOO0  and  8,000  volts,  while  that  on  the  cars  would  vary  between 
DO  and  650  volts,  for  instance,  w4iich  Mr,  Esson  w4U  agree  with  me  is 
ot  at  all  desirable.  As  a  matter  of  fact,  the  variation  might  be  even 
reater  than  this»  necessitating  automatic  regulators  to  help  take  care 
"  it,  but  the  smaller  the  generator  pressure  drop,  the  better  will  such 
igulators  w^ork. 

Close  pressure  regulation   of  the  generators  I1&  t\iexetot^  Vv^JpJty 
moL,  B^  29 
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.  EboraiL  dcsirable,  and  of  the  utmost  importance.  Why,  then,  are  not  standard 
machines  dcsij^ned  to  give  the  best  possible  results  as  indicated  above  ? 
Simply  because,  by  doing  so,  we  lay  ourselves  open  to  fresh  troubles,  in 
the  way  of  parallel  running,  for  with  slow-speed  engine-driven  genera- 
tors, drops  of  less  than  about  15  per  cent,  are  inadmissible  except  in 
special  cases.  The  requirements  of  proper  parallel  running  govern  the 
permissible  pressure  drop,  and  nothing  else,  as  several  people  have 
found  out  to  their  cost. 

This  brings  me  to  the  last  point  I  wish  to  raise — ^it  is  surprising  that 
neither  Mr.  Esson  nor  Mr.  Scott  have  made  any  reference  to  the  com- 
pounding of  alternators,  which  is  perhaps  the  most  important  and  most 
interesting  subject  engaging  the  attention  of  up-to-date  designers  at  the 
present  time.  Unfortunately,  there  is  no  time  to  go  into  this  matter 
now,  and  hence  I  would  only  say  that,  in  my  opinion,  the  most  promis- 
ing solution  of  this  problem  is  most  likely  to  be  found  in  the  employ- 
ment of  asynchronous  generators  instead  of  synchronous  machines. 
The  difficulties  in  the  way  of  effectively  compounding  the  latter,  not 
only  for  varying  currents,  but  also  for  var)ring  power-factors,  are  very 
great,  partly  because  the  standard  alternator  is  essentially  a  machine 
having  relatively  high  armature  reactions.  Again,  even  if  a  simple 
method  is  eventually  found,  a  little  reflection  will  show  that  difficulties 
will  undoubtedly  arise  with  the  parallel  running  of  several  compound 
machines — a  totally  new  set  of  conditions  is  brought  about,  and  it  is 
difficult  to  see  how  they  would  ever  be  overcome. 

On  the  other  hand,  the  asynchronous  generator  (that  is,  the  induc- 
tion motor  run  above  synchronism)  is  a  machine  which  operates  by 
reason  of  its  reactions,  and  hence  the  problem  is  greatly  simplified— 
moreover,  as  it  is  asynchronous,  it  runs  perfectly  in  parallel  under  all 
conditions  ;  the  operation  of  such  machines  is  as  simple  as,  and  entirely 
analogous  to,  that  of  shunt-wound  direct-current  dynamos. 

And  I  would  like  to  draw  your  attention  to  the  fact,  that  the  great 
value  of  the  Heyland  compensating  device  is  in  connection  with  such 
asynchronous  generators,  for  with  its  use  the  machines  are  made  self- 
exciting,  and  with  a  simple  addition,  they  can  be  compounded  or  even 
over-compounded.  To  give  you  an  idea  as  to  what  such  machines  will  do 
(they  are  now  on  the  market),  I  may  say  that  a  compounded  asynchron- 
ous generator  of  200  kilowatts,  has  a  pressure  drop  of  under  3  per  cent, 
at  full  load,  no  matter  what  the  power-factor  of  this  load  may  be.  There 
is,  of  course,  no  exciter,  and  the  little  commutator  taking  the  place  of  the 
latter  is  only  14  inches  in  diameter,  and  6  inches  in  width,  the  number 
of  segments  being  about  100  for  a  20-pole  machine.  This  commutator 
works  as  smoothly  and  sparklessly  as  a  slip  ring  would — in  fact 
sparking  cannot  arise. 

I  would  like  to  say  much  more  about  these  interesting  machines  and 
their  application,  but  this  is  out  of  the  question  now.  I  will  merely  say, 
ill  conclusion,  that  if  our  President  will  allow  it,  I  should  be  pleased  to 
bring  down  a  small  machine  and  show  it  to  you — perhaps  working— one 
night  after  a  meeting. 
'i:irkcr.  Mr.  J.  H.  BARKER  ".  Mt.  E?.'&otv,m  his  paper,  has  not  referred  to  what 

is,  and  must  be,  the  dynamo  oi  tVi^  i>3X>3Lt^,  VV^  \^^  Nxv^-^-^^ed  dytaxao, 
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irunnrng  at  any  revolutions  from  iiOOo  to  3,000  per  minute.     The  fact   Mr.  Bark 
that  one  of  3,000  H,P.  can  be  supplied  weighings  combined  with  turbine, 
85   tons,   again:§t  the  ordinary  iow-speed  reciprocatorj   with   dynamo 
of  400  tons  is  enough,  of  itselfj  to  tempt  all  builders  to  embark  on  Ihe 
turbine  dynamo.     Mr,  Esson  says  that  as  the  periodicity  in  his  conduc-  1 

tors  goi^s  up^  the  design  of  a  direct-current  dynamo  increases  in  difE- 
culty.  He  fixes  the  English  periodicity  at  something  like  15*  The 
problem  that  turbine  dynamo  builders  have  to  face  is  anything  up  to  ' 

60,  and  in  this  country  it  has  been  attempted  single-handed.  It  is  to 
be  hoped  that  dynamo  builders  will  come  to  the  assistance  of  the  single- 
handed,  and  give  the  beneht  of  their  experience  and  brains  in  turning  j 
outaoontiimous-currentdynamorunningat  this  high  speed.  It  isnot  to 
the  credit  of  this  nation  that  the  large  size  turbine  machines  arc  almost 
exclusively  confined  to  our  Continental  and  our  American  neighbours, 
and  it  is  a  subject  of  grief  that  the  new  alternators  for  the  District  and 
Metropolitan  railways  are  not  being  built  by  Enghsh  makers,  but  by 
Americans, 

It  is  almost  essential  now  to  adopt  cast  iron  for  machines  where  I 

delivery  is  promised  in  four  months,  with  a  wait  of  two  and  some- 
times three  months  for  the  delivery  of  cast  steel.  Cast  iron  for  the 
dynamo  can  usually  be  made  on  the  premises  ;  it  would  be  well  if 
consulting  engineers  allowed  the  supply  of  cast  iron  in  practically  all 
cases.    With  turbine  dynamos  the  magnet  casting  is  an  essential  part  of  ' 

the  whole  machine,  and  it  is  absolutely  necessary  that  this  part  should  1 

be  almost  the  first  to  be  used.  At  present  the  economic  limit  for  high- 
speed dynamos  for  continuous  current  is  about  250  kilowatts.  They  can 
be  made  perfectly  satisfactory  and  to  give  economical  regulation,  whilst 

tfor  continuous  running  there  is  no  machine  which  can  compare  with  it. 
It  is  gratifying  to  hear  a  man  of  Mr,  Esson's  experience  approving 
ol  the  tandem  dynamo.     By  putting  one  or  more  dynamos  in  tandem 
tbe   speed  can    be    majntained  and  a  highly  economic^il   machine   as  ' 

regards  steam  consumption  easily  obtained.     However,  engineers,  if  I 

shown  a  tandem  machine,  will  at  once  rule  it  out  of  court, 
k        The  drop  of  alternators  has  been  referred  to  by  the  previous  speaker, 
f  as  to  which,  he  says,  it  is  practically  impossible  to  get  a  lower  drop  than  | 

4  per  cent.  In  the  design  of  a  large  alternator  as  low  as  ij^  per  cent, 
has  been  obtained  without  a  very  extravagant  expenditure  of  copper  in 
the  magnet  coils.  Such  a  drop,  for  practical  purposes,  is  ridiculously 
low.  Recent  inquiries  show  that  engineers  admit  drops  even  as  high 
as  7  per  cent.  But  if  low  di'ops  are  required,  they  can  be  obtained  in 
a  high-speed  alternator  very  much  more  cheaply  than  in  one  of  low- 
speed  multipolar. 

^       Structural  details  have  been  referred  to  at  some  length,  and  it  is  | 

interesting  to  hear  the  experience  of  slow-speed  dynamo  builders.  The 
objection  to  large  plates  for  armatures,  4  feet  and  5  feet,  have  been 
referred  to.  But  plates  over  4  feet  cannot  be  obtained  of  a  much  less 
thickness  than  20  mils.    For  good  design  for  these  high*speed  machines  I 

it  is  almost  essential  that  there  should  be  nothing  more  than  about 
14  mils.    The  large  plates  vary  in  thickness  to  an  appt^daiaVe  ia^?^. 
The  centre  of  the  plate  is  tight  up  and  the  outride  a\ac:^iL,'w\^^^>as^a^^ 
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detrimental  results,  Plates  undoubtedly  should  be  punched  and  nM 
milled.  Punching  machines  can  be  bought  to-day  which  will  give 
satisfactory  results,  and  the  core  built  up  so  true  that  they  need  not 
even  be  touched  with  a  tile^  and  tubes  put  through  without  any  trouble* 

For  insulation  there  can  be  no  question  that  paper  is  much  better 
than  any  form  of  varnish  or  other  insulation.  The  microscopic  vibration 
with  a  dynamo,  and  particularly  turbo-dynamos,  will  disintegrate  varnish 
pretty  quickly.  Paper  will  last  for  many  years,  and  in  some  ai' matures 
after  continuous  service  the  paper  has  been  practically  as  good  as  when 
it  was  first  put  in.  As  to  press-spahn,  I  have  personally  had  experience 
of  this  up  to  6,000  volts  continuous  working  vidth  a  test  of  about  one 
and  a  half  times  that.  It  is  preferable  to  micanite  or  almost  any  other 
form*  The  building  up  of  the  tube  is  in  your  own  hands.  More  care 
can  be  assured  that  the  material  is  free  from  any  conducting  substance, 
and  a  very  much  better  article  to  hand.  For  drying  the  author  does 
not  object  to  a  temperature  of  250P  Fahr.  It  is  very  objectionable  to 
subject  any  armatures  to  such  a  temperature.  A  manufacturer  of  cotton- 
covered  wire,  who  had  carried  out  exhaustive  tests,  states  that  at  yof  C. 
the  tensile  strength  of  cotton  begins  to  deteriorate  very  rapidly*  In  fact 
in  vacuo  dryin^^  can  be  done  at  a  low  teniperaturCi  and  the  result  is 
much  more  satisfactory.  The  apparatus  is  not  costly ;  a  few  pounds 
will  buy  a  disused  boiler  whichj  connected  to  the  works  condenser, 
having  half  a  dozen  coils  of  pipe  carrying  live  steam,  gives  all  that  is 
required. 

In  conclusion,  I  would  urge  on  tlie  British  manufacturer  the  neces^ 
sity  for  building  these  high-speed  dynamos.  It  is  a  pity  that  more 
attention  has  not  been  turned  to  them.  Representing  a  firm  of  turbine 
builders^  I  would  offer  all  possible  assistance  in  supplying  such  engim 
apart  from  the  dynamos. 

Mr.  C.  C,  Hawkins  :  In  spite  of  the  fact  that  the  "  output-coefificien 
in  any  given  line  of  dynamos  follows  a  regular  law,  as  mentioned  by 
Mr.  Eborall,  yet  I  think  one  must  agree  with  Mr,  Esson  that  on  this 
point  there  is  a  surprising  divergence  between  the  machines  of  different 
makers »  M.  Rothert,  in  LEclairagc  Ehcfrlque,  published  a  careful 
analysis  of  most  of  the  alternators  at  the  Paris  Exhibition,  and  found 
that  even  in  machines  of  the  same  order  of  size  this  coefifident  varied 
in  the  proportion  of  one  to  four ;  when  two  machines,  both  by  good 
makers  and  of  somewhat  the  same  size,  were  compared  on  the  basis  of 
one  pound  of  copper  being  the  equivalent  in  cost  of  five  pounds  of  iron, 
the  total  cost  of  the  active  material  in  the  one  machine  was  live  times 
that  of  the  other  This  is  borne  out  by  Mr.  Scott's  Table  VI  I.,  which  is 
mainly  derived  from  the  alternators  of  the  Paris  Exhibidon.  The  highest 
coefficient  is  that  of  No.  3  ■  but,  putting  this  on  one  side,  owing  to  its 
low  frequency  of  25  as  compared  with  50  periods  in  the  other  machines, 
the  lowTSt  and  highest  are  Nos.  10  and  8,  the  latter  being  apparently 
two  and  three-quarter  times  as  good  from  the  manufacturers'  point  of 
view.  There  is  perhaps  rather  less  divergence  in  continuous-current 
machinery,  yet  one  sometimes  comes  across  a  machine  of  exceptionally 
sm^l  size,  which  no  purcliiasei:  covild  question ^  whether  on  the  score  of 
temperature-rise,  of  sparkless  cotGnvuta-^Havi,  w  qI  -^KixmSk  ^cmattuction. 
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.  Such  divergencies  between  the  machines  of  firms  of  equally  good 

I  reputation,  after  discounting  any  great  diff  erenct?  of  speed  or  voltage 

or  frequency,  can  only  be  traced  in  the  long  run  to  lack  of  experience 

or  of  designing  ability,  and  more  often  to  the  former.    What  we  really 

want  is  not  so  much  average  figures,  which  are  fairly  represented  by 

Mr.  Scott's  tables,  but  the  maxima  that  can  be  attained  to  serve  as 

ideals*   One  machine  which  has  been  seen  and  proved  to  be  thoroughly 

good  is  worth  more  to  the  observer  than  many  tables  of  average  results. 

Turning  to  one  or  two  details  in  Mr.  Scott's  paper,  the  roller  machine 

of  Fig.  1 6  was  tried  by  the  firm  with  which  I  am  connected  in  1897^  but 

was  soon  given  up,  as  it  was  found  that  it  was  not  so  expeditious  as  the 

mallet     In  the  hammering  process,  when  carefully  done^  there  is  little 

danger  of  damage  to  the  insulatioUj  and  in  a  few  moments  the  bend  is 

L  imparted  to  the  bar  exactly  as  required »  especially  at  the  inner  corners 

f  of  the  outer  ends. 

Mr.  Scott  says  that  "it  docs  not  appear  to  have  occurred  to  any  one 
that  it  is  quite  unnecessary  to  bend  both  ends  of  each  conductor."     I 
think  that  it  has  occurred  to  many  people,  but  the  single  bend  has  the 
,  obvious  disadvantage  that  the  axial  length  of  the  end-connectors  is  then 
■^double  that  of  tlie  lozenge-shaped  coil^  and  this  is  especially  disadvan- 
tageous if  the  poles  are  few  in  number. 

The  series-parallel  winding  of  Prof.  Arnold  has  the  advantagCj  as  is 
well  known,  that  the  designer  can  choose  any  even  number  of  armature 
paths  (two  or  01  ore)  independently  of  the  number  of  poles.  Yet  it  has 
always  appeared  to  me  that  it  must  labour  tinder  the  disadvantage  that 
if  more  than  two  sets  of  brushes  are  employed,  there  is  no  automatic 
corrective  to  ensure  an  equal  division  of  the  current  between  the 
different  sets  of  brushes  of  the  same  sign.  The  current  may,  in  fact, 
shift  from  one  set  of  brushes  to  another  and  back  again,  according  to 
the  small  differences  in  their  con  tact- re  si  stance  which  they  may  offer 
at  any  moment.  The  winding  is  certainly  largely  used  on  the  Conti- 
nent, and  I  should  like  to  ask  any  gentleman  who  has  experience  of  it 
w^h ether  the  objection  which  I  have  mentioned  is  in  practice  really  to 
be  feared. 

With  regard  to  carbon  brush-holders  (p.  387),  the  wording  of  Mr. 
Scott's  first  condition  for  a  successful  type  would  appear  to  condemn 
the  slider  holder  as  inferior  to  the  hinged-arm  holder.  If  the  carbon 
block  is  to  be  fixed  at  the  end  of  an  arm,  certainly  it  should  he  fi mi ly 
fixed,  a.nd  the  arm  should  be  as  long  as  possible.  My  own  observation 
has  however  led  me  to  think  that  the  shder  type  has  a  slight  superiority 
due  to  the  fact  that  the  brush  is  only  tossed  up  and  down  and  not 
thrown  off  the  commutator  surface  so  as  to  describe  an  arc,  as  it  passes 
lover  the  slight  inequalities,  almost  imperceptible,  which  must  exist 
'between  the  segments  even  of  the  best  commutator*  Further  if  Mr. 
Scott's  second  condition — ^that  the  inertia  of  the  moving  part  should  be 
reduced  as  much  as  possible — is  of  great  importance,  which  I  am  rather 
inclined  to  question,  it  is  best  obtained  by  making  the  light  carbon 
block  the  only  portion  which  moves. 

Finally,  what  has  been  the  experience  of  Mr,  Scott  with  re^^iV^ 
the  vacuum  apj^anatus  in  the  practical  dryings  uqI  ^o  m\3.c\v  ol  'ivuv^V:. 


irkins. 
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coils,  as  of  finished  armatures,  especially  after  they  have  been  newly 
painted  or  varnished  ?  While  the  vacuum  will  quickly  extract  say  95  or 
perhaps  99  per  cent.,  is  there  not  considerable  difficulty  in  extracting 
the  last  one  per  cent.,  which  really  keeps  the  insulation  resistance  still 
low,  and  is  not  the  process  longer  on  that  score  than  in  the  old-fashioned 
stove  ? 
Sparks.  Mr.  C.  P.  SPARKS  :  On  page  33 1  of  Mr.  Esson's  paper  he  contrasts 

single  and  polyphase  alternators  as  follows : — 

"  The  drift  of  practice  has  been  towards  making  an  alternator  in 
all  respects  satisfactory  from  an  engineering  point  of  view.  It  must 
be  first  and  foremost  a  machine,  and  a  machine  that  will  run  con- 
tinuously without  giving  trouble." 
I  disagree  with  Mr.  Esson's  views  that  the  single-phase  alternator 
has  been  abandoned  through  being  unmechanical.  Three  satisfactory 
types  were  developed  in  this  country :  the  Ferranti,  the  Siemens,  and 
the  Mordey.  The  reason  that  single-phase  machines  are  not  so  largely 
used  as  heretofore  is  due  to  the  change  in  methods  of  distribution, 
owing  to  the  flexibility  of  continuous  current  in  meeting  the  varying 
demands  of  consumers.  This  sjrstem  of  supply  is  now  adopted  in 
nearly  all  large  towns,  the  distribution  of  continuous  current  having 
been  materially  aided  by  raising  the  pressure  of  supply  of  three-wire 
systems  to  250/500  volts.  In  some  instances  where  a  town  started  to 
supply  single-phase  alternating  current,  the  system  of  distribution  has 
been  changed  to  polyphase.  In  the  majority  of  towns  the  change  has 
been  from  single-phase  alternating  to  continuous  current,  and  in  cases 
where  the  stations  are  outside  the  area  of  supply,  polyphase  currents 
are  used  for  transmission  to  the  substations. 

Owing  to  single-phase  alternators  being  unsuited  for  transmission 
schemes,  we  have  lost  one  great  advantage  possessed  by  this  t3rpe  of 
alternator,  namely,  a  comparatively  definite  wave  form.  Although 
polyphase  alternators  arc  by  degrees  being  made  to  give  approximately 
a  sine  wave,  there  is  great  difficulty  in  obtaining  a  machine  giving  as 
true  a  wave  form  as  that  obtained  from  all  single-phase  machines  with 
copper-tape  armatures. 

Mr.  Esson,  under  the  heading  of  "  Conversion,"  puts  before  us  the 
relative  merits  of  synchronous  and  asynchronous  motors.  In  starting 
a  new  transmission  scheme,  either  rotaries,  asynchronous,  or  syn- 
chronous motor  generators  can  be  used  for  conversion.  If  the  whole 
energy  is  transmitted  to  substations  for  conversion  to  direct  current,  a 
low  frequency  (25)  will  be  chosen  and  rotaries  used,  but  in  combined 
schemes  where  a  certain  amount  of  lighting  and  power  supply  is  to  be 
given  by  alternating  currents  in  addition  to  the  supply  of  continuous 
current,  a  higher  frequency  (50)  will  be  chosen.  This  frequency  cuts 
out  the  rotary.  As  to  the  relative  merits  of  synchronous  and  asyn- 
chronous motors,  if  you  are  supplying  alternating  current  for  lighting) 
as  is  specially  the  case  in  schemes  where  single-phase  systems  are  being 
converted,  you  are  bound  to  use  a  synchronous  motor  generator.  Mr. 
Esson  himself  pointed  out  during  the  discussion  of  Mr.  Eborall's  paper, 
the  difficulties  that  arise  m  cotvVcoWvcv^  tVve  pressure  on  the  H.P. 
feeders  when  starting  up  as7Yvc\viOTiou'=»  \£vo\.o\^,   ^^  >^ivj\5^'^\s.OMQnous 
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motors  started  from  the  direct- current  side  you  have  the  minimum  Mr*  Spark* 
interference  with  the  pressure  of  the  lighting  system.  The  synchronous 
motor  generator  has  a  farther  advajitage  over  the  asynchronous^  as  its 
speed  is  independent  of  small  changes  in  pressure,  being  governed  by 
the  generator  speedj  whereas  the  asynchronous  motor  generator  is 
dependent  both  on  speed  and  pressure. 

The  President  :  Mr  Kilhurn  Scott  has  told  me  that  he  would 
prefer  not  to  speak  his  remarks,  but  to  write  them  in  the  Journal^  as  it 
is  getting  late. 

1  propose  a  hearty  vote  of  thanks  to  Mr.  Esson  and  to  Mr.  Kilhurn 
Scott  for  their  papers.  The  discussion  has  been  exceedingly  good.  It 
has  not  been  what  you  call  a  lively  discussion,  but  it  has  been  an 
exceedingly  technical  discussion,  and  very  valuable,  especially  to  those 
^bo  are  particularly  interested  in  dynamos. 

I  will,  thereforCt  put  it  that  we  carry  a  hearty  vote  of  thanks  to  the 
authors  of  the  papers. 

The  motion  was  put  and  carried  unanimously. 

Prof,  SiLVANUs  P.  Thompson',  F.R.S.  (communkated) :  Many  qucs* 
tions  of  interest  are  raised  by  the  papers  of  Mr.  Esson  and  Mr.  Scott. 
These  remarks  will  deal  with  only  a  few  of  them. 

The  relation  of  dimensions  to  output  have  often  been  discussed. 
The  numeric  called  by  Mr.  Esson  "output-coefficient"  and  by  Mr, 
Scott  **size  constant,"  vie*,  the  product  of  revolutions  per  minute  by 
square  of  diameter  and  by  length  of  core  divided  by  output  (watts), 
does  not  appear  to  be  a  very  satisfactory  quantity.  For  continuous- 
current  machines  Mr,  Scott  gives  in  Table  III,  values  varying  from 
0*0013  to  0'0345,  so  that  so  far  from  being  a  constant  it  varies  enor- 
mously. For  alternators  Mr.  Esson  gives  o'ois,  w^hile  Mr,  Scott  in 
Table  VII.  shows  actual  values  varying  from  o-oii8  to  0*053.  ^^^ 
continuous-current  machines  the  highest  value  is  26  times  the  lowest ; 
while  for  alternating  machines  the  highest  value  is  about  4*6  times  the 
lowest. 

I  have  found  as  a  much  more  useful  guide  to  preliminary  design  the 
Steinmctz  coefficient,  namely^  the  product  of  diameter  and  length  of 
core  divided  by  the  kilowatts.  For  the  same  machines  (omitting  the 
first  in  Table  II,,  which  is  known  to  t^c  overrated)  the  values  run  from 
TO  to  63  for  continue  us 'Current  machines^  where  the  highest  value  is 
only  3-15  times  (not  26)  the  lowest.  For  alternators  Table  VII.  shows 
that  the  values  run  from  r^.  (for  a  machine  the  output  of  which  is  also 
probably  overrated),  or  i'65  to  4' 2, 

The  "  output-coefficient "  is  based  on  the  assumption  that  the 
output  of  a  core  is  proportional  to  its  volume.  The  ''Steinmetz 
coefficient "  proceeds  on  the  view  that  the  output  is  proportional  to  the 
surface,  Mr,  Esson  makes  the  remark  on  p.  338  that  '*  temperature  is 
the  factor  which  hmits  the  output"  This,  for  a  given  efficiency,  is 
Unquestionably  true  j  and  as  temperature  rise  depends  upon  the 
Available  surface  for  getting  rid  of  the  heat,  the  output  (for  machines 
of  given  efficiency)  is  manifestly  determined  by  the  surface  and  not  by 
the  volume  of  the  core  ;  hence  the  d  x  J  oi  the  '^Stxilnm^U  cQ^^o^v^vil" 
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Feasor       the  fact  that  the  former  does  not  take  account  of  differences  of  speed. 

Jn^n.  In  ^act,  if  equal  magnetic  densities  and  current  densities  were  observed 
in  the  "active  belt,"  the  Steinmetz  coefi&cient  would  simply  vary 
inversely  as  the  surface-speed.  Or  if  surface  speeds  were  all  equal, 
the  higher  the  specific  utilisation  of  iron  and  copper  in  the  "active 
belt,"  the  lower  would  the  Steinmetz  coefi&cient  be.  Mr.  Essen's 
remark  on  p.  338  that  "  the  so-called  active  belt  becomes  more  active 
as  the  speed  is  reduced"  is  misleading,  because  it  refers  to  engine- 
speed,  not  to  surface-speed ;  many  of  the  dynamos  which  he  puts 
down  as  slow-speed  having,  by  reason  of  their  large  diameter,  really 
high  surface-speeds.  It  is  the  surface-speed,  not  the  revolutions  per 
minute,  which  should  be  considered  in  comparing  one  diagram  with 
another. 

The  reason  why  ^  /  is  not  proportional  to  the  kilowatts  per  revolu- 
tion, as  appears  from  the  figures  given  by  Mr.  Scott,  is  that  small 
machines  and  large  are  not  worked  with  the  same  coefficients  of  flux- 
density  and  of  ampere-density  at  the  periphery  as  large  ones :  and 
they  cannot  be,  because  of  the  conditions  of  ventilation  and  sparking 
being  different.  The  proportion  is  also  affected  in  a  way  not  generally 
recognised,  by  the  ratio  of  the  armature- surface  covered  by  the  pole- 
shoes  to  the  total  peripheral-surface  of  the  armature.  Let  this  ratio, 
which  is  the  same  as  the  ratio  of  pole-span  to  pole-pitch,  be  called  f 
Then  the  flux  from  one  pole  may  be  represented  by  the  equation — 

N  =  B^  X  pole-face  area, 

where  B^  is  the  mean  flux-density  under  the  pole-face,  d  the  diameter 
of  the  armature,  />  the  number  of  poles,  and  /  the  length  of  core  parallel 
to  shaft,  taken  as  equal  to  the  axial  length  of  the  pole-shoe.  Further, 
the  ampere-density  per  inch  along  the  periphery  of  the  armature, 
which  may  be  denoted  by  ^x,  if  divided  by  the  number  of  amperes  per 
conductor  and  multiplied  by  the  periphery  in  inches,  gives  the  total 
number  of  armature  conductors  Z  ;  or  if  we  write  C  for  the  whole 
armature-current,  and  c  for  the  number  of  circuits  through  the  armature, 
we  have — 

Z  =  q,  X  TT  X  d  X  c-^C, 

Now  the  general  formula  for  continuous-current  machines  is — 

c  00 

and  inserting  the  above  values  of  Z  an  N  and  writing  E  C -f-  1000  = 
Kw,  we  get — 

__   59'2  X  io'°  Kw 

^^~  B^  X  q]  X  i//  ^  R.P.M.  • 

This  formula  shows  at  once  why  the  "  output-coefficient,"  as  Mr. 

Ksson  calls  it,  is  not  constant.     If  we  inquire  as  to  the  value  of  the 

quantities,  we  find  that  in  modern  machines  it  is  not  expedient  (for 

commutation  reasons)  to  makcB^  less  IVva-ti  <\o,ooo  lines  per  square  inch, 

nor  (for  distortion   and  YieaWn^  Te2L?.otv^^  Vo  m-aka  (^^  moY(j.  tj\an  6o3 
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amperes  per  inch  run,  while  ^  is  preferably  about  075.     Putting  in 
these  figures,  we  get  for  the  numerical  coefficient — 

d^  I  z=  33,000  X  Kw  -r  R.P.M. 

[This  corresponds  to  a  value  of  003  in  the  coefficients  as  used  by  Mr. 
1  E.  K  Scott, 

If  wc  make   the   further  assumption  that  for  cast- steel  poles  of 
I  cylindrical  shape,  the  diameter  may  be  taken  equal  to  /  and  to  haH  the 
pole-pitch,  with  the  relation  l^^dTr-^  2  p^  then  the  substitution  of  this 
[value  gives  the  solution — 


d  =  7.222X^- 


Kit^x  p 


P.M.  X  B^  X  ^,  X  ^ 

This  formula  gives  excellent  figures  for  machines  of  this  class, 
to   use    square 


I  in    order 


we 


poles    for 
shall  have — 


rf  =  5.737x^g- 


Kw  xfi 


1 


Silvan  us 
TtiompsoiiK 


Or,  if 
laminated    pole-cores  we  make 


I 

■  ^       ju3i  -   y   R^p.M.  xBj,X  q,  X  ^' 

^m  Both  the  authors  comment  on  the  practice  adopted  by  some  firms 
of  introducing  a  resistance  of  german-silver  or  nickefine  into  the  com' 
mutator  risers,  a  practice  supposed  to  promote  sparkless  commutation. 
But  neither  of  them  expresses  any  opinion  upon  this  device,  which  the 
present  writer  believes  to  be  founded  on  a  fallacy.  Some  makers  are 
equally  anxious  to  avoid  any  such  unnecessary  resistance,  and  are  able 
to  produce  excellent  machines  without  it.  Discussing  this  point 
recently  with  the  late  Prof,  Shorty  I  found  him  to  agree  with  me. 

I  have  recently  expressed  my  ideas  about  the  design  of  continuous- 
current  machines  in  my  book  on  Desigji  of  Dynamos,  and  therefore 
may  pass  on  to  practical  points.    Mr.  Scott  mentions  several  modes  of 

•  insulating  core-discs,  but  does  not  refer  to  one  that  has  given  satisfac- 
tionj  namely  enamelling  them  with  a  wash  of  water-glass.  This  is  far 
superior  to  japan,  which  is  liable  to  be  thrown  out  when  the  machine 
is  heated  after  a  long  run.  I  doubt  whether  sa^ammoniac  possesses  the 
property  of  dissolving  iron  burrsj  which  he  attributes  to  it  on  p,  371. 
Further,  the  corroding  of  copper  found  to  take  place  in  coils  treated 
with  shellac  varnish  must  be  attributed  to  the  vegetable  acids  in  the 
lac,  not  to  the  alcohol  in  which  it  is  dissolved. 

Mr.  Scott  refers  to  the  plan  (originated  by  Dobrowolsky)  of  fitting  a 
thin  iron  pole-ring  or  liner  around  the  armature  to  gradate  the  magnetic 
field.  The  latest  improvement  on  this  is  a  device  due  to  Mn  Murray, 
not  mentioned  by  either  author,  of  adapting  to  the  pole-cores  a  ring 
carrying  laminated  pole- pieces,  in  which  the  stampings  are  specially 
disposed  so  as  to  secure  the  proper  disposition  of  field  with  high  satura- 
tion at  the  entrant  pole-tip.  Messrs.  T*  Parker  &  Co.  have  found  great 
»satisfaction  with  this  device. 
Mr.  Scott's  airy  disposition  of  the  tooth  and  slot  question  on  p.  374, 
by  saying  that  ''  the  simplest  way  to  set  out  the  width  of  slot  and  tooth 
is  to  make  them  about  the  same  width  at  the  periphery,"  will  not  suffice 
for  the  needs  of  modern  good  design,  A  much  more  detailed  cou- 
jSideration  is  necessary.    The  recent  book  oi  Br.  ^.  O^ti^^xw^  '^\\.Qi^s 
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fessor  how  important  this  part  of  dynamo  design  is — and  it  runs  through  all 
nnpfloii.  types,  alternators  and  motors  as  well  as  d3mamos.  Mr.  Scott  attributes 
the  barrel-type  of  armature  windings  to  Mr.  Parsons  :  but  it  can  hardly 
have  been  siiid  to  be  a  success  until  the  two-layer  winding  was  pro- 
duced by  C.  E.  L.  Brown.  Mr.  Brown  also  ought  to  be  credited  with 
the  device  shown  in  Fig.  17,  which  he  introduced  six  or  eight  years  ago. 
It  exists  in  the  alternators  at  the  works  of  M.  Baly. 

The  use  of  equalising  rings  as  an  adjunct  to  multipolar  windings, 
mentioned  by  Mr.  Scott  on  p.  379,  does  not  appear  to  be  appreciated  by 
British  engineers.  In  every  armature  with  parallel  windings  there  is, 
necessarily,  if  the  field-poles  are  not  all  of  equal  strength  (and  they  are 
not  of  equal  strength  if  the  air-gaps  are  not  alike,  even  though  the 
cores  and  exciting  ampere-turns  are  all  alike),  an  inequality  in  the 
voltages  which  they  induce,  and  therefore  in  the  currents  they 
generate.  Any  inequality  in  the  currents  generated  in  the  parallel 
paths  produces  two  results  : — (i)  The  total  resistance  of  the  armature 
rises  ;  (2)  the  armature-currents  tend  so  to  react  as  to  strive  to  equalise 
the  fields.  The  increase  of  total  resistance  owing  to  the  unequal  dis- 
tribution of  current  may  seriously  affect  the  heating  of  the  machine, 
and  constitutes  one  of  those  obscure  causes  of  waste  often  vaguely 
attributed  to  eddy-currents.  Although  the  point  is  fairly  obvious,  it  is 
worth  an  additional  word.  Suppose  two  conductors  of  i  ohm  each  are 
in  parallel.  One  is  apt  to  suppose  that  the  total  resistance  of  the  two 
in  parallel  is  i  ohm.  So  it  would  be  if  the  whole  current  divides  itself 
equally  between  the  two.  For  example,  200  amperes  dividing  itself 
equally  between  them  will  waste  10,000  watts  in  each  conductor,  or 
20,000  watts  in  all ;  being  therefore  equal  to  (200)'  X  i.  But  if  for  any 
reason  the  current  were  to  divide  itself  unequally,  say  into  120  and  80 
amperes,  the  heat  waste  would  be  14,400  +  6,400,  or  in  total  20,800 
watts  ;  the  resistance  of  the  two  paths  in  parallel  being  not  i  ohm  but 
0*52  ohm,  since  (200)'  x  0*52  =  20,800.  Even  so  in  a  parallel-wound 
armature,  the  more  unequally  the  current  divides  itself,  the  greater  is 
the  total  resistance  offered  by  the  windings.  Further,  if  the  current 
divides  itself  unequally  there  will  be  an  undue  amount  of  current  to 
collect  at  some  one  or  more  of  the  sets  of  bushes,  giving  rise  to  spark 
troubles.  It  is  mainly  to  avoid  this  that  in  multipolar  armatures 
equalising  connections  have  been  found  advantageous.  They  enable 
the  equalising  currents  of  reaction  to  circulate  with  a  minimum  of 
disturbance  to  the  collection  of  current  at  the  brushes.  This  is  also  the 
action  of  the  closed-circuit  windings  devised  by  Mr.  B.  G.  Lamme  for 
armatures  having  a  series-parallel  winding ;  but  these  closed  windings 
arc  quite  independent  of  the  ordinary  winding,  and  are  not  connected 
in  any  way  to  the  commutator.  With  respect  to  field-magnet 
windings,  it  may  be  pointed  out  that  the  "  old  dodge  in  telegraphic 
instrument  making  "  mentioned  by  Mr.  Scott  on  p.  394  will  certainly 
not  effect  any  reduction  of  the  self-induction  of  the  coils. 

Turning  to  alternators,  it  may  be  observed  that  while  Mr.  Esson  on 

p.  352  declares  high  saturation  of  the  field-magnets  necessary  to  good 

design,  Mr.  Scott  on  p.  409  recommends  that  the  pole-cores  should  have 

ample  area  so  that  l\\e  mag;rve\.\c  ^wy.-^^xvSA'q  ma.^  \i^  V^^l  ajs  low  as 
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possible.    In  this  divergetice  of  view  I  unKesitatingly  take  sides  with  Prufessor 
Mr,  Esson.     Unless  the  pole -cores  are  saturated  up  to,  say,  from  Q5,cxxi  ThompsonJ 

to  It5j0oo  lines  per  square  inch,  the  machine  will  have  a  disastrous  j 

drop  on  an  inductive  load  ;  and  the  ampere-turns  spent  on  the  pole*  I 

cores  instead  of  being  (as   in   most  continuous-current   machines)  a  j 

negligible  quantity  compared  with  those  spent  on  the  air-gap^  ought  to  I 

be  from  20  to  35  per  cent,  of  the  entire  excitation.     Both  Mr.  Esson  ] 

and  Mr.  Scott  asslme  that  the  magnet- wheel  of  a  modern  alternator  | 

may  serve  as  the  engine  flywheel    This  is,  to  my  mind,  by  no  means  I 

proven  for  all  cases.     The   design  of  flywheel   suitable   for  a  given  I 

engine  may  be  by  no  means  suitable  for  the  alternator  it  is  to  drive  ;  I 

for  the  most  fundamental  point  in  settling  the  design  of  an  alternator  is  I 

the  frequency  of  the  currents  which  it  is  to  give.     On  this  depends  the  I 

number   of   poles  :  and   as   the   poles   cannot   be   either   enlarged   or  | 

diminished    in    their   pitch  outside    certain  well-defined    limits^  the  I 

diameter  of  the  alternator  is  fixed  by  considerations  quite  other  than  i 

those  which  determine  its  suitability  as  a  flywheel.    With  so  high  a  I 

frequency  as  50  periods  per  second  it  is  often  difficult  to  give  the  I 

magnet -wheel  a  sufficient  moment  of  inertia  for  flywheel  purposes  I 

without   making  it  enormously  heavier  than  the  flywheel  which  an  I 

engineer  would  have  designed  for  the  same  engine.     Mr.  Esson  is  quite  I 

right  in  saying  that  engineers  (and  not   British  engineers  alone)  have  I 

been  putting  100  much  material  into  their  alternators.     I  have  in  my  I 

mind  two  alternators  at  the  Paris  Exhibition  for  the  same  output  at  the  I 

same  speedi  one  of  which  had  eight  times  as  much  iron  (magnetic  ironj  I 

not  including  mere  construction  work)  and  eight  times  as  much  copper  I 

as  the  other,    A  most  exhaustive  criticism  of  the  Paris  alternators  was  I 

published  at  the  time  by  Mr.  Rothert^  in  which  this  and  many  other  | 

striking  facts  were  brought  out.     One  most  distinct  fact  is  not  alluded  *] 

to  either  by  Mr.  Rothert  in  his  report^  or  in  either  of  the  two  present  | 

papers,  namely,  that  in  modern  alternators  having  the  most  diverse  I 

properties  as  to  voltage,  speed,  efficiency,  drop,  and  specific  utiUsation  I 

of  material,  one  thing  remains  almost  constant  throughout — namely,  the  I 

the  pole-pitch.    And  the  pole-pilch  is  almost  invariably  about  10  inches  I 

at  the  working  face.     Of  the  14  machines  in  Table  VIL  of  Mr.  Scott,  I 

all  were  for  a  frequency  of  50  p^  save  one  at  4S  c\j ,  and  one  at  I 

2$  OsJ*     Their  pole-pitches  are  as  follows  :—  11*8;  io"03  ;  9"3  ;  94  ;  I 

975  I  IO-6;  9-3;  9*5;  9-5;  10'6;  11  ;  9-8  ;  97  ;  83.     Leaving  out   the  j 

first  (a  3,000  kilowatt)  and  the  last  (a  300  kilowatt  machine),  they  all  lie  I 

between  1 1  and  9^3  inches,  with  an  average  of  975.    The  figure  is  far  I 

more  of  a  constant  than  anj^  "  out  put -coefficient."     In   fact,  to  begin  I 

the  design  of  an  alternator,  the  safest  way  to  fix  its  size  is  to  ascertain  I 

from  the  prescribed  frequency  and  the  engine-speed  the  number  of  j 
poles,   multiply  this   by   10,   and  one   has  the   circumference  of  the 

working  face  (in  inches).     This  shows  also  why,  in  the  desire  to  have  I 

designs  that  can  be  built  with  pole -cores  of  circular  section,  the  core-  ] 

length  from  front  to  back  is  so  seldom  less  than  8  or  more  than  J 
13  inches.  Mr.  Scott  suggests  that  the  length  tends  for  large  sizes  to  ^^m 
remain  at  about  10  per  cent,  of  the  diameter  ■.  in  whicVi  %^l^1^^^<\Q^'^  \      ^^H 
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resKir  wheels  built  up  of  two  webs  of  rolled-steel  plate  instead  of  having  cast- 
mpson.  iron  arms,  and  instances  the  5,000  k.w.  alternators  of  the  Westinghouse 
Company  erected  in  1902.  An  instance  nearer  home  is  presented  by 
the  alternators  built  by  the  late  Mr.  Gordon  for  Paddington  just  twenty 
years  previously.  Mr.  Esson  suggests,  on  p.  347,  that  the  system  of 
clamping  rings  and  bolts  that  hold  together  the  armature-core  will,  if 
not  insulated,  form  an  amoriisseur.  If  they  do,  all  that  I  can  say  is :  so 
much  worse  for  the  machine  ;  for  the  amortisseur  IHll  be  entirely  in 
the  wrong  place.  It  is  wanted  on  the  magnet  sj'stem  to  steady  the 
magnetism  against  pulsations.  It  is  simply  harmful  on  the  armature  if 
it  acts  at  all  to  prevent  pulsations  of  the  magnetism  at  the  prescribed 
frequency. 

Each  of  these  papers  merits  our  study ;  and  they  mark  the  recent 
development  of  the  subject.  Mr.  Esson's  is  particularly  valuable  for 
its  contrasts  and  criticisms ;  Mr.  Scott's  for  its  numerous  practical 
details,  and  not  least  for  its  references  to  modern  workshop  appliances 
for  use  in  dynamo  construction, 
emor  Prof.  David  Robbrtson  {communicated) :  In  Mr.  Scott's  otherwise 

most  excellent  paper  the  remarks  on  armature  windings  (p.  379)  are 
almost  entirely  erroneous.    For  a  "  Parallel  Grouping,"  i.e.,  a  winding 
with  as  many  circuits  as  poles,  the  number  of  slots  and  commutator 
bars  need  not  be  even ;  and  for  a  "  Series.  Grouping,"  or  a  winding  with 
only  two  circuits,  they  need  not  always  be  odd.    For  the  latter  winding 
they  may  be  either  odd  or  even  when  the  number  of  pairs  of  poles  is 
odd,  although  they  must  be  odd  when  there  is  an  even  number  of  pairs 
of  poles.     Similarly,  the  "Arnold  Series  Parallel  Winding"  may  have 
an  odd  number  of  segments  when  the  number  of  pairs  of  poles  is  odd. 
Again,  with  any  practical  example  of  the  last  winding,  which  is  a  singly 
re-entrant  wave  winding  with  as  many  circuits  as  poles,  if  we  start  at  a 
positive  brush  and  go  through  as  many  conductors  as  there  are  poles 
(/.<\,  nearly  once  round,  or  through /oMr  of  the  heavy  loops  in  Fig.  18), 
wc  do  not  come  back  to  a  segment  near  to  the  next  negative  brush,  but 
to  one  close  to  the  one  we  started  from,  and  distant  from  it  as  many 
segments  as  there  are  pairs  of  poles.    True,  in  the  example  given  in  the 
paper  we  do  come  exactly  to  the  next  negative  brush,  but  this  is  only 
l^ecause  of  the  small  number  of  segments  there  chosen.    The  number 
of  segments  (4  for  the  8-polc  machine)  between  the  start  and  finish  of 
an  incomplete  round  is  the  same  whether  the  actual  number  of  segments 
jHT  pole  is  4  or  40,  and  consequently  with  the  numbers  used  in  practice 
we  return  much  closer  to  the  brush  wc  start  from  than  to  the  other. 
All  symmetrical  windings,  including  the  "plain  series  winding,"  may 
have  ;is  many  sets  of  brushes  as  poles,  and  all  wave  windings  maybe 
run  with  any  smaller  number,  down  to  two,  if  desired,  provided  the 
hrnshes  be  (if  sufficient  width  and  the  segments  per  pole  not  too  few. 
Lap  windings,  on  the  other  hand,  must  have  as  many  brushes  as  poles, 
unless  the  coninnitator  segments  are  cross-connected. 

With  wave  windings  the  conductors  arc  short-circuited  through  the 

connections  between  the  several  brushes  of  the  same  sign,  and  also, 

yicvcviil  in  series,  Ihrou^^U  V\\e  Ups  ol  Uwi  brushes  when  these  are  wide 

\^h.    Wiien  only  two  brustes  ;xtvi  cmvVo^^^>  "0^^^  to»s}^\«;  ^.t  least  a 
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^  certain  width  to  allow  any  short-circuits  to  take  place  at  all  With  8 
circuits,  as  in  Fig.  i8^  the  brushes  would  have  to  be  more  than  three 
segments  in  width  if  only  two  are  to  be  employed.  With  the  small 
number  of  segments  there  show^n  this  would  short-circuit  the  whole 
machine,  and  would  therefore  be  impracticable^  but  with  the  much 
larger  number  that  would  be  employed  in  an  actual  machine  it  would 
be  quite  feasible.  The  circuits  are  more  symmetrical  when  all  the 
brushes  are  employed,  but  owing  to  the  way  in  which  the  short- 
circmted  coils  come  in  between  the  several  brushes  of  one  sign^  the 
current  will  not  divide  equally  between  them,  and  its  distribution  will 
fluctuate  with  the  phase  of  commutation*  Hence  a  greater  total  brush 
area  is  required  than  would  be  necessary  if  an  equal  distribution  could 
be  secured.  On  the  other  hand,  the  number  of  conductors  cut  out  of 
short-circuit  at  once  is  only  two  with  the  maximum  number  of  brushes, 
whereas  with  only  tw^o  brushes  it  would  be  equal  to  the  number  of 
poles.  Better  commutation  may  therefore  be  expected  from  the  large 
number  of  brushes  in  spite  of  the  greater  care  reqtiired  in  adjusting 
them. 

In  the  lap  winding,  where  the  several  brushes  of  one  sign  arc  not 
adjacent  to  one  another  in  the  winding,  and  where  the  conductors 
forming  one  circuit  are  confined  to  two  adjacent  poles,  the  armature 
reactions  assist  in  ensuring  the  equality  of  the  currents  in  the  different 
circuits  and  at  the  different  sets  of  brushes.  Against  this  must  be  set 
the  fact  that  each  circuit  of  a  wave  winding  has  approximately  an  equal 
number  of  conductors  at  every  pole,  and  that  therefore  the  balance  of 
the  circuits  is  disturbed  much  less  by  inequalities  in  the  polar  strengths 
than  in  a  lap  winding.  Mr.  Scott  seems  to  use  ''  parallel "  and  '*  series " 
to  distinguish  between  lap  windings,  in  which  the  front  and  back 
pitches  have  opposite  signs,  and  wave  windings,  in  which  both  have 
the  same  sign.  The  latter  terms,  lap  and  wave,  are  preferable  when 
denoting  the  mode  of  windings  wirereas  the  electrical  properties  are 
better  indicated  by  the  total  number  of  circuits  and  re-entrances  than 
by  the  names  "  parallel "  and  ^'  series,"  which  do  not  include  all  possible 
caseSi  and  are  not  used  in  this  connection  w^ith  a  very  definite  meaning. 
Thus,  the  "Arnold  Series  Parallel  Winding"  of  Fig.  i8  would  be  called 

Pan  8 -circuit,  singly  re* entrant,  8-pole,  wave- wound  drum  ;  an  ordinary 
**  Parallel  Grouping  "  for  the  same  field  an  8-circuit,  singly  re-entrant, 
8-pole,  lap-wound  drum ;  and  an  ordinary  '*  Series  Grouping"  a  2-circuit, 
singly  re-entrant,  8- pole,  wave-wound  drum.  The  use  of  the  terms 
"Parallel  Grouping"  and  "Series  Grouping"  is  responsible  for  the 
common,  but  erroneous,  notion  that  these  are  the  only  possible 
arrangements,  at  least  with  singly  re*entrant  windings.  It  is  possible 
to  design  a  winding  to  give  any  even  number  of  circuits  whatever  with 
any  given  even  number  of  poles. 
^m  To  take  only  the  simplest  case,  viz,,  that  in  which  the  cycle  of  the 
^*  winding  is  repeated  after  going  through  two  conductors,  or  groups  of 
conductors,  and  their  end  connections,  let ' 

'  For  a  proof  of  these  formulae,  and  a  fuller  discussion  of  the  eonditioits 
involved)  see  Robertson  on  '*A  General  Formula  for  RegLilar  Astoai\sxie. 
.Windings,"  youm.  Imt  E.  E.j  vol  31  ^  p.  93;^,  * 
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>fettor  G  =s  Number  of  conductors,  or  groups  of  conductors  when  a  group 

IS  treated  as  the  unit. 
p  =s  Number  of  poles. 

c  =5  Total  number  of  circuits  through  armature, 
tt*  =s  Number  of  separate,  but  identical,  windings,  each  having  c/t» 
circuits. 
iy,  y^  =s  Front  and  back  pitches  of  winding. 

J'  =  H^  +  >'*)  =  Average  pitch  of  winding  =  Number  of  times 
you  must  go  round  armature  to  trace  out  complete  winding, 
m  =s  Number  of  pole-pitches  approximately  included  in  the  average 
winding  pitch. 

Then  all  these  must  be  whole  numbers,  and  G,  p,  and  c  must  be 
even.  For  any  regular  re-entrant  winding,  in  which  the  .cycle  of 
connections  is  completed  by  going  through  two  groups  of  conductors 
and  their  end  connections, 

j' = — ^=— ,   or±:c  =  ^^  —  mG (i) 

and  w=!HCFof  G/2andjr (2) 

For  ordinary  lap  windings  m  is  zero,  and  for  ordinary  wave  windings 
m  is  unity.  With  many  poles  higher  values  are  possible  for  both  lap 
and  wave  windings,  but  do  not  seem  to  possess  any  advantages  to 
compensate  for  the  greater  amount  of  copper  they  would  require.  We 
may  therefore  write  : — 

For  lap  windings,  y  =  c/^,  or  c  :=  py (3) 

For  wave  windings,  J;  =  (G  ±  c)//,  or  +  c  =  ^  jl  —  G      .    (4) 

The  individual  pitches,  y^  and  y^,  should  be  nearly  equal  to  the  pole 
pitch  Gjp,  but  it  does  not  matter  very  greatly  what  they  are  so  long  as 
they  do  not  differ  too  much  from  this,  and  are  not  multiples  of  2W. 
The  back  pitch  is  usually  taken  as  the  nearest  allowable  to  Gjp  ;  other 
values  give  chord  windings. 

Equation  (3)  shows  that  for  lap  windings  the  number  of  circuits  is 
independent  of  the  number  of  conductors,  but  must  be  a  multiple  of  the 
number  of  poles  in  order  that  y  may  be  an  integer.  The  number  of 
conductors  may  therefore  be  any  even  number,  but  it  is  usual  to  make 
it  (G)  a  multiple  of  the  number  of  poles  (p),  generally  an  even  multiple, 
so  as  to  get  perfect  symmetry  of  the  circuits. 

With  a  wave  winding  we  see  from  equation  (4)  that  the  number  of 
circuits  and  number  of  conductors  are  not  independent  of  one  another, 
but  that  if  c  be  given,  such  a  value  must  be  chosen  for  G  as  will  make  y 
an  integer.  This  can  be  done  for  any  even  value  of  c  whatever.  Thus, 
to  get  as  many  circuits  as  poles  (p  =  c),  G  must  be  a  multiple  of  p ; 
and  for  values  of  (  not  multiples  of  p,  G  must  not  be  a  multiple  oi  p. 

In  going  througli  as  many  {p)  conductors  of  a  wave  winding  as 

there  are  poles,  the  total  travel  is  py,  which  is  equal  to  G  ±  c  from  (4); 

c  is  thus  the  excess  or  deticit  from  being  exactly  once  round  expressed 

in  terms  of  the  group  space.    l^xpte«»'sed  in  commutator  segments,  this 

excess  or  deficit  will  be  c|2  m  \.Vi^  oi6:m^^  ^ttm^^m^Ti\.>«Ni^t^  there  is 
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[  one  segment  for  each  pair  of  groups.     Hence  the  number  of  circuits   ^^^^!!Ji 
is  twice  the  number  of  segments  between  the  start  and  finish  after  going 
through  as  many  groups  and  end  connections  as  there  are  poles. 
Equation  (4)  may  be  put  in  the  form — 


-       G/2  ±  c/2 


(5) 


^ 


I  where  G/s  is  the  number  of  commutator  segments  in  the  usual  arrange - 
*  ment,  and  PI2  is  the  number  of  pairs  of  poles.  The  possible  numbers  of 
I  segments  mentioned  above  for  the  w^ave  windings  follow  at  once  from 
this  when  it  is  remembered  that  y  must  be  an  integer. 

By  allowing  a  slightly  greater  latitude  in  the  choice  of  G,  we  can 

I  arrange  to  get  all  the   (r)   circuits  in   one   winding,   or    have  them 

distributed  over   several  (w)  distinct  but  identical  windings,  each  of 

which,  however,  must  hav^^e  an  even  number  of  circuits.     The  winding 

[shown  on  Fig.  18  has  64  conductors,  8  poles,  and  8  circuits.     Hence — 

_       G  ±  c       64  +  8 

:y  =  — ^=  -g-  =9  or  7. 

The  smaller  of  these  values  is  the  one  w^hich  applies  to  the  diagram. 
The  H  CF  of  JG  and  y  is  that  of  32  and  7^  which  is  1.  Hence  the 
winding  is  singly  re-entrant.  Numbering  the  conductors  at  the  bottoms 
of  the  slots  I J  3,  5,  etc.,  and  those  at  the  tops  of  the  same  slots  2,  4,  6, 
etc.*  respectivelyj  we  see  that  we  go  across  the  back  from  i  to  10,  and 
across  the  front  from  10  to  15,  giving  j^^  ^  9,  jy  :=  5,  and  y  ^  7>  as 
above. 

But  by  taking  G  ^  72,  which  is  the  next  highest  allowable  number 
and  requires  four  more  slots,  y  ^  10  or  8.  The  H  C  F  of  72/2  and  10 
is  2,  giving  a  doubly  re-entrant  winding,  each  separate  winding  having 
4  circuits.  The  H  C  F  of  72/2  and  8  is  4,  and  this  will  therefore  give  a 
quad rn ply  re-entrant  winding,  each  of  the  four  components  having  two 
circuits. 

When  the  number  of  circuits  required  is  a  multiple  of  p,  the  possible 
values  of  G  form  an  arithmetical  progression  whose  common  difference 
is  pi  'dnd  the  possible  numbers  of  segments  another  progression  \vith  the 
common  difference  ^p.  But  when  c  is  not  a  multiple  of  p,  the  variety 
is  much  greater ;  the  common  difference  of  the  progression  for  G  is 
then  the  H  C  F  of  c  and  p,  but  those  terms  which  have  a  greater  factor 
in  common  with  p  must  be  struck  out.  It  thus  cannot  be  said  that  the 
limitations  to  the  possible  values  of  G,  and  consequently  of  the  number 
of  commutator  bars  and  of  slots,  is  a  very  great  objection  to  wave 
windings,  seeing  that  the  extreme  difference  between  two  consecutive 
possible  values  only  amounts  in  the  worst  case  to  one  conductor  per 
polC;  or  one  segment  per  pair  of  poles.  The  chief  place  where  it  will 
be  felt  will  be  in  Umiting  the  number  of  coils  which  can  be  placed  in 
one  slot.  Thus  in  the  ordinary  tramway  motor  armature  (a  2-circuit, 
singly  re-entrant,  4-pole,  wave- wound  drum)  the  number  of  segments 
and  coils  must  be  odd.  Hence  we  cannot  arrange  to  tape  up  two  coils 
together,  nor  four,  etc.,  although  we  may  do  so  with  3,  5,  7,  etc.,  \i  ^^ 
make  a  suitable  choice  of  G,     Windings  havmg  olViet  i\\vmtofc\^  CiV 
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Jj^^J^  circuits  than  two  or  p  do  not  seem  to  have  been  used  except  with 
several  re-entrances  (multiplex  windings),  and  then  each  separate 
winding  has  either  two  circuits  or  p  circuits.  Probably  the  only 
reason  is  that  designers  are  not  aware  that  other  arrangements  are 
possible. 

The  advantage  gained  by  increasing  the  number  of  circuits,  whether 
the  winding  is  still  singly  re-entrant  or  is  made  multiplex,  is  that  the 
amount  of  current  to  be  commutated  at  once  is  reduced.  The  greatest 
permissible  width  of  brush  is  not  much  altered,  because  the  number  of 
commutator  segments  must  also  be  increased  if  any  advantage  is  to  be 
gained  by  the  increased  number  of  circuits.  Although  the  brush  spans 
over  more  segments,  these  segments  are  smaller  than  before,  and  there 
is  also  a  greater  amount  of  space  wasted  by  the  mica.  There  cannot, 
therefore,  be  much,  if  any,  room  for  a  saving  in  the  length  of  the 
commutator.  The  gain  is  in  allowing  a  greater  current  per  pole  to  be 
dealt  with. 

On  the  matter  of  commutation  (see  p.  403)  much  has  been  written  by 
many  authors.  The  current  which  can  be  collected  per  pole  is  limited 
by  two  considerations  which  are  not  wholly  independent.  First,  we 
must  reverse  the  current  in  each  section  during  the  time  of  the  short- 
circuit.  This  imposes  a  limit  to  the  product  of  the  current  in  one 
section  by  the  inductance  of  the  section.  An  increase  in  the  number  of 
circuits  reduces  the  first  of  these  factors,  and  the  latter  is  made  as  small 
as  possible  with  the  ordinary  design  by  having  only  one  turn  per  section 
in  all  except  the  very  smallest  machines.  It  would,  however,  be  quite 
possible  to  exceed  the  present  limits  by  adding  another  commutator  at 
the  back  end  of  the  armature,  all  the  positive  brushes  on  both  sides 
being  joined  in  parallel,  and  all  the  negatives.  Only  one  conductor,  or 
half  a  turn,  would  then  be  thrown  out  of  short-circuit  at  once,  with  a 
corresponding  diminution  of  the  effect  of  inductance.  The  advantage 
gained  by  thus  doubling  the  possible  number  of  segments  would  be 
considerable  with  machines  dealing  with  large  currents,  especially 
when  the  brush  resistance  is  the  chief  factor  in  effecting  commutation 
rather  than  the  reversing  E.M.F.  obtained  by  giving  lead.  The  two 
short  commutators  with  brushes  in  parallel  would  also  have  consider- 
able mechanical  advantages  over  the  single  long  one  of  the  ordinary 
design,  as  the  bulging  tendency  due  to  centrifugal  force  is  less  with 
the  short  segments.  It  would  of  course  cost  rather  more,  but  it  is 
worth  considering  whether  it  will  not  pay  in  machines  for  very  large 
currents. 

The  other  consideration  is  that  the  armature  strength  should  not  be 
so  great  as  to  produce  too  much  distortion  and  weakening  of  the  field. 
This  depends  upon  the  number  of  conductors  per  circuit,  as  well  as 
upon  the  current  per  pole,  and  will  therefore  depend  upon  the  pressure. 
It  is  more  important  in  niachiuos  which  have  no  series  field  coils  than 
in  machines  with  them. 

The  idea  that  the  armature  cross  am>.^..e_tuj.ns  per  pole  should  be 
less  than  the  field  ampere-turns  for  one  gar  jg  based  upon  the  assump- 
tions that  a  reversing  E.M.F.  is  required,  ^^  that  the  gap  is  the  only 
r<?iuctance  in  the  path  oi   the  atm-aX-UY^  <^  c^5»<5,  ^x^^,    \\^  ^^as  originaUy 
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educed  for  smooth  core  armatures.  In  modern  machines  with  saturated 
teeth  and  pole- tips  we  ought  also  to  take  account  of  their  reluctancej 
nd  the  field  ampere-turns  available  for  them  should  be  added  to  those 
or  the  air-gap  proper.  Making  these  corrections  on  the  table,  page  404, 
the  ratio  comes  to  be  much  more  nearly  equal  to  unity.  With  careful 
design  it  is  probably  q^itc  possible  to  commutate  properly  without  a 
reversing  E.M.F.  in  the  coils  by  making  proper  use  of  the  brush 
resistance.    This  permits  of  a  smaller  value  of  the  ratio — 
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Gap,  etc,  ampere- turns  per  pole 
Cross  ampere- turns  per  pole 


^KThc  effect  of  the  pole  span  must  also  be  taken  into  account.  Only  that 
^BjCross  magnetising  current  within  the  pole  span  is  effective.  Any  outside 
^Kthat  produces  little  effect.  Shaping  the  poles  away  at  the  strengthened 
^^horn  also  reduces  the  effect  of  the  cross  E.NLF.^  and  so  reduces  still 
further  the  limiting  value  of  the  above  ratio. 

On  page  366  the  author  states  that  shaping  away  the  pole  right  across 
i  not  such  good  practice  as  shaping  it  away  from  the  horn  to  the  centre^ 
p*  because  in  the  middle  of  the  pole  the  air-gap  should  be  as  short  as 
possible/"     This  is  very  doubtful  indeed,  as  it  seems  to  be  based  on  the 
ssumption  that  the  armature  cross  ampere-turns  produce  no  effect  at 
the  centre.    Although  true  when  the  air-gap  is  symmetrical^  this  is  no 
||onger  the  case  when  the  poles  arc  shaped  away*   Owing  to  the  variation 
[>f  the  reluctance  of  the  gap,  the  position  of  no  effect  for  the  cross 
turns  is  shifted  towards  the  side  where  the  gap  is  shortest j   the  cur- 
rent in  the  wires  there  being  more  effective  than  that  at  the  other 
(side. 

It  may  be  questioned  whether  high  resistance  commutator  lugs  are 

&f  any  good  w*hatever.    They  certainly  assist  the  old  current  to  die  out, 

but  they  also  oppose  the  growth  of  the  new  curjent  in  the  incoming 

^lug.     The  correct  place  for  the  resistance  is  at  the  brush  contacts,  as 

there  the  motion  gradually  cuts  it  out  of  the  new  path  from  the  brush 

^H  to  the  winding  and  adds  it  to  old  path.     In  fact,  as  their  resistance  can 

^■•only  diminish  the  effect  of  the  variation  of  contact  resistance,  high 

^■resistance  lugs  are  probably  more  harmful  than  otherwise* 

^P       With  regard  to  the  forming  of  the  armature  conductors  by  trending 

only  one  end,  mentioned  on  page  377  and  shown  in  Fig,  17,  it  is  probable 

that  many  persons  have  thought  of   it,  but  did  not  consider  that  its 

advantages  outweighed  its  disadvantages.     It  requires  about  twice  as 

tmuch  space  for  the  end  connections  than  does  the  usual  symmetrical 
arrangement,  and  requires  a  considerably  greater  length  of  copper  with 
the  corresponding  increase  of  the  itiductaucc  of  each  section  and 
diminution  of  efficiency.  The  more  nearly  parallel  to  the  end  faces 
of  the  core  the  end  connections  are  made,  the  shorter  they  will  be  for 
a  given  span,  and  the  less  they  will  project  beyond  the  core.  But  the 
slope  is  limited  by  the  space  required  for  the  conductors,  and  the 
limitLDg  slope  depends  almost  entirely  upon  the  ratio  of  width  of 
conductor,  or  group  of  conductors*  including  insulation  and  cie-ax^wc^^ 
to  the  pitch  of  the  sJofe,  and  will  be  the  same  VJhelUet  1\\^  ci1\i^t  XsaiS.  V^ 
Vol.  32.  30 
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straight  or  bent.  The  slope  must  therefore  be  made  twice  as  long  If  it 
has  to  make  the  whole  span  and  meet  the  straight  from  the  other  slot, 
than  if  the  other  side  is  bent  over  to  meet  it  half-way.  With  nearly 
s)rni  metrical  end  connect  or  sj  both  layers  can  be  equally  closely  packed 
together,  whereas  with  one  side  straight  that  layer  will  have  a  consider- 
able amount  of  waste  space  which  is  not  even  of  clinch  tise  for  ventilation, 
owing  to  the  closeness  of  the  sloping  layer.  The  straight  side  certainly 
has  considerable  advantages  in  tlie  matter  of  threading  into  tunnels  and 
insulation,  but  it  is  a  matter  for  consideration  in  any  particular  case 
whether  these  are  sufficient  to  compensate  for  the  increased  dimensions 
and  weight  involved.  Fig*  17  seems  to  show  a  coil  short-circuited  on 
itself.    This,  of  course,  is  a  slip. 

The  note  on  page  375  is  not  quite  clear.  Under  what  conditions  does 
the  flux  distribution  curve  assume  the  form  there  mentioned  ? 

How  can  the  *'  dodge  "  of  winding  all  the  layers  of  a  coil  in  the  same 
direction,  mentioned  on  page  394,  reduce  the  inductance  of  the  coil  ? 
It  will  reduce  the  risk  of  Hashing  between  adjacent  layers  by  diminish- 
ing the  maximum  P.D.  between  adjacent  parts  of  them,  but  it  cannot 
have  any  effect  on  the  rise  of  P»D,  between  the  ends  of  the  coil,  or  on 
the  spark  at  the  switch,  on  breaking  the  circuit.  Is  the  author  not 
thinking  of  the  method  of  winding  the  coil  with  smaller  wire  in  several 
sections  which  arc  afterwards  joined  in  parallel  ?  This,  of  coursCj 
would  be  hardly  practicable  for  the  shunt  coils  of  a  dynamo,  owing  t 
the  greater  space  occupied, 

Mn  H,  A,  Mavor  (communicated) :  On  page  338  Mr.  Esson  states  thaf 
the  active  belt  0/  the  machine  becomes  more  active  as  the  speed  is 
reduced,  and  that  he  finds  little  agreement  in  the  out put-co efficient  be- 
tween the  machines  of  different  makers.  There  appears  to  be  a  littJe 
confusion  in  terms*    Mr,  Epson's  output-coefficient  is  the  reciprocal  of 

T^-  p  *    Now  I  have  never  stated  that  I  found  this  coefficient  the  same 

between  machines  of  different  niakers.  To  make  comparison  on  the 
lines  which  I  sugj^estedj  the  depth  of  slot  has  to  be  taken  into  considtrra- 
tion.  If  Mr,  Esson  has  the  particulars  of  the  machines  referred  to  and 
wiU  introduce  this  term  into  his  calculation,  I  think  he  will  find  that 
the  aspect  of  matters  will  be  somewhat  changed. 

Professor  Silvanus  Thompson,  in  a  paper  read  to  the  British  Asso- 
ciation in  Belfast,  stated  that  he  had  examined  a  large  ntmiber  of 
machines,  and  fotmd  the  results  in  substantial  agreement  wuth  the  value 
given  to  the  constant  tised  in  my  paper,  read  to  the  Glasgow  Engineer- 
ing Congress,  1901.  The  higher  value  of  the  output- coefficient  on  slow- 
speed  machines  is  probably  due  to  the  use  of  a  deeper  slot. 

Probably  the  members  have  not  yet  had  before  them  a  paper  read 
by  me  to  the  Glasgow  Local  Section  at  their  meeting  last  month,  in 
which  it  is  shown  that  the  energy  generated  in  the  active  belt,  while 
fairly  constant  in  large  machines,  ts  not  so  in  sizes  below  abont  20  ins, 
in  diameter,  owing  to  the  increased  relative  importance  of  the  iron 
losses  in  the  core.  If  Mr.  Esson  could  tabulate  ior  the  records  of  the 
Jnst/tution  the  following  mioYm'A^oi^v  with  regard  to  the  machines  to 
which  he  refers,  it  would  \je  ^eiM\  v— 
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Total  watts  output. 
Diameter  of  core, 
J-ength      „      ,, 
Slot  depth. 


Revolutions* 

Span  of  poles. 

Flux-density  in  the  air-space. 


Mr.  Ma 


] 


I        Of  course  Mr*  Esson  is  aware  that   to  make  a  sound  comparison 
between  machines  it  is  necessary  to  specify  efficiency  and  temperature 
rise.     The  value  of  the  constant  whicb  I  adopted  in  my  Congress  paper 
J  is  of  course  affected  by  both  efficiency  and  temperature  rise. 

Referring  now  to  page  352  in  Mr.  Esson" s  paper^  he  states  that 
there  is  a  best  weight  of  copper  relatively  to  the  other  parts  of  the 
machine.  My  contention  is  that  this  best  weight  of  copper  may  be 
I, determined  most  readily  by  an  examination  of  the  relation  between 
copper  and  iron  in  the  active  belt,  and,  as  Professor  Thompson  has 
pointed  out,  the  constant  which  I  used  is  convertible  into  ampere-turns 
per  unit  cross- sectional  area  of  active  belt,  so  that  if  this  constant  be 
determined  by  calculation  or  found  by  expert e nee,  this  is  exactly  what 
Mr,  Esson  is  looking  for.  The  paragraph  to  which  reference  is  here 
made  is  under  the  heading  "  Alternating-Current  Generators/'  but  it  is 
none  the  less  true  of  continuous-current  generators,  which  are  of  course 
^  also  essentially  alternators. 

^m       Mr.  V.  A,   Fynn  {communkaUd)  \  Referring  to  Mr.  Scott*s  paper   lu,  ¥y\ 
^Kfirst,  I  will  divide  my  remarks  into  sections  : — 

^H  (1)  General  Contour:  Mr.  Scott's  predilection  for  casting  yokes  in 
^^one  piece  and  afterwards  slotting  or  sawing  these  through  is  a  very 
expensive  one,  and  surely  unnecessary.  There  is  no  difficulty  whatever 
nowadays  in  obtaining  either  cast-iron  or  cast-steel  yokes  of  sufficiently 
uniform  quality  ;  it  must  be  borne  in  mind  that  it  is  good  practice  to 
work  with  fairly  low  densities  in  that  part  of  the  magnetic  circuit,  and 
for  that  reason  it  would  require  very  bad  castings  indeed  to  make  an 
appreciable  difference. 

(2)  Poles  :  Laminated  poles  are  a  distinct  advantage  and  should 
certainly  be  used  whenever  possible  :  w^hen  pole-shoes  are  reduced  in 
section  in  order  to  obtain  higher  saturation,  good  results  can  only  be 
hoped  for  when  that  saturation  is  carried  very  high  to,  say,  ig.ooo  or 
20,000  Sines  per  cm'.  It  then  becomes  a  question  whether  this  arrange- 
ment does  not  require  more  ampere-turns  than  does  the  usual  practice 
of  saturating  the  teethj  as  the  path  will  be  Longer ;  the  advantage 
obtained  is  in  any  case  only  a  fraction  of  that  due  to  the  air-gap  itself, 
and  in  order  to  take  full  advantage  of  the  armature  the  teeth  must  be 
saturated  ;  the  total  benefit  derived  is  therefore  very  questionable.  I 
have  never  found  that  a  slot  which  does  not  cut  pole  and  yoke  clean 
in  two  is  of  any  use  to  prevent  cross-magnetisation.  Machines  which 
require  adjustable  pole^tips  in  order  to  commutatc  sparklessly  rely  on  the 
leakage -field  from  tlie  pole-tips,  and  cannot  therefore  commutate  spark- 
lessly  at  all  toads  with  fixed  brushes,  A  modern  machine  should  not 
be  designed  on  these  lines,  but  should  be  figured  to  commutate  spark- 
lessly  in  the  neutral  zone,  in  which  case  all  that  is  to  be  guarded 
against  is  a  distortion  of  the  field  sufficiently  extensive  to  disturb  thk 
neutral  zone  materiaJJ/.    This  object  is  not  d\fficu\t  Vo  cibU%^v  ^^^  "^'^^l     ^ 
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i-'ynn.  easily  be  achieved  by  symmetrical  arrangements  allowing  of  equally 
good  performance  when  running  in  either  direction  and  either  as 
motor  or  dynamo. 

(3)  The  Armature  Core :  Mr.  Scott's  proposal  gradually  to  decrease 
the  diameter  of  the  plates  in  order  to  avoid  the  straggling  appearance 
of  the  ends  involves  great  risk  of  breakdown ;  a  number  of  very  sharp 
corners  are  thus  formed  which  can  easily  cut  through  to  the  wire, 
especially  as  the  plates,  not  being  compressed  tightly  at  those  points, 
are  liable  to  move.  The  teeth  should  all  be  well  supported  to  within, 
say,  a  J  in.  of  the  armature  circumference.  Brass  end-plates  answer  the 
purpose  very  well.  It  seems  to  me  that  plates  should  either  be  slotted, 
annealed  after  slotting  and  assembled,  or  assembled  in  the  shape  of 
discs  and  the  slots  then  milled  out.  A  combination  of  both  methods 
is  surely  waste  of  time,  as  it  involves  setting  for  both  operations. 

(4)  Shape  of  Slot :  I  must  differ  from  Mr.  Scott  when  he  says  that  the 
shape  of  the  slot  is  not  so  much  a  question  of  electric  dimensions  as 
of  machining.  The  dimensions  of  a  slot  have  the  greatest  influence  on 
the  proper  commutation  of  a  dynamo,  and  all  we  can  do  is  to  satisfy 
mechanical  requirements  as  far  as  commutating  will  permit.  I  am,  of 
course,  referring  now  to  machines  giving  the  greatest  possible  output 
for  the  least  weight.  In  such  machines  closed  slots  or  tunnels  are  out 
of  the  question.  I  can  recommend  from  experience  the  method 
Mr.  Scott  now  suggests  for  holding  the  wires  down  in  the  slots  by 
means  of  metal  wedges  (his  Fig.  13  E).  I  have  used  this  very  plan  for 
the  first  time  on  a  150  k.w.  machine  designed  in  September,  1901,  with 
the  best  results  ;  the  wedges  were  of  brass. 

(5)  Winding  of  Armature :  Even  heavy  section  bars  can  be  and  are 
often  partially  formed  ;  being  bent  at  the  pulley-end  round  a  mandrel, 
anything  conducing  to  a  reduction  of  solder  joints  is  to  be  welcomed. 
I  feel  certain  that  many  people  must  have  found  that  it  was  not  neces- 
sary to  bend  both  ends  of  each  conductor  in  order  to  complete  a  winding, 
and  most  of  them  probably  abandoned  the  idea  because  it  doubles  the 
amount  of  room  occupied  by  the  end  windings,  and  adds  some  50  per 
cent,  to  the  weight  of  idle  copper.  Nevertheless,  I  know  of  instances 
where  this  style  of  winding  has  been  used.  Space  and  money  were  no 
object. 

(6)  Internal  Circulating  Currents :  There  is  no  doubt  that  parallel- 
wound  or  multiple- wound  armatures  are  liable  to  get  out  of  balance 
electrically ;  it  is,  however,  no  less  certain  that  balancing  connections  or 
separate  balancing  windings  offer  a  perfect  cure  when  coupled  with 
judicious  dimensioning.  As  regards  the  series-parallel  system  of  wind- 
ing armatures,  it  has  always  been  put  forward  by  its  votaries  that  its 
main  advantage  over  the  multiple  system  lay  in  its  total  indifference  to 
inequalities  of  air-gap  or  pole-strength  or  other  unbalancing  influences. 
I  see  now,  however,  that  notwithstanding  all  this,  Mr.  Arnold  has  taken 
out  patents  covering  the  application  of  balancing  connections  for  these 
series-parallel  windings. 

(7)  Commutators :  The  use  of  high  resistance  metal  for  commutator 
lugs  has  been  greatly  abused.  TVvaA.  device  is  often  of  real  value  in 
order  to  make  a  machine  less  sewsiWMe-^ViuV  oI\.^yv  ^'s.^:^  \\.  \s.  >iSie.less.    It 
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is  J  however,  easy  to  predetermine  by  calculation  when  benefit  can  be    Mr.  Fjn 
derived  frotn  it 

(8)  Brush-Gear :  I  am  sorry  to  tind  that  the  author  has  said  so  little 
about  brush -gear J  that  most  vital  part  of  a  dynamo.  I  regret  this  the 
more  as  his  ideas  on  the  subject  seem  to  differ  from  mine  entirely.  The 
brush-gear  which  1  found  to  answer  best  is  one  in  which  the  car  boo 
block  only  move^,  and  that  block  should  be  positively  connected  by  a 
flexible  strip  of  ample  section  to  the  holder-body  in  such  a  w^ay  as  not 
to  hinder  the  free  movement  of  the  carbon.  The  blocks  should  be 
enclosed  in  a  box.  Thiij  makes  the  moving  part  as  light  as  possible. 
There  is  no  reason  whatever  for  making  the  wndth  of  the  carbon  equal 

,  to  a  whole  number  of  segments. 

The  author's  ideas  as  to  the  design  of  direct-current  machines  must 
be  very  different  indeed  from  minej  as  I  find  that  only  the  fewest  of  the 
figures  which  he  gives  as  general  come  anywhere  near  my  standards. 
Mr.  Scott  lays  great  stress  on  the  relationship  between  ampere-turns 
required  for  air-gap  and  cross  ampere-turns  in  relation  to  the  commuta- 
ting  properties  of  a  dynamo.     In  my  estimation  this  relation  has  only  a 
very  secondary  effect.     I  have  designed  several  machines  which  will 
run  absolutely  sparklcssly  with  full-load  current  at  full  speed  when  the 
voltage  is  reduced  to  Vijth  of  its  normal  value,  in  some  cases  even  to  less^ 
and  I  find  it  quite  easy  to  work  with  al">ove  relation  at  less  than  unity, 
I  happen  to  have  before  me  the  data  of  a  65  k.w,  dynamo  of  mine  fonii- 
^^  ing  one  of  a  series,  which  runs  at  750  revolutions  and  commutates  spark- 
^■lessly  with  fixed  brushes  for  all  loads,  the  6nal  temperature  rise  being 
^^79°  F.    Although  only  a  small  dynamo,  its  constant  for  the  "  output 
^pequation  "  is  "0386,  and  compares  therefore  favourably  with  Mr.  Scott's 
^^  constant    for    flywheel    generators.     The    *' circumferential    current- 
density  "  is  of  course  high,  but  this  figure  just  falls  within  the  given 
limits,  being  660,  that  is  near  the  values  given  in  the  paper  for  very 
large  generators.     I  think  it  is  very  necessary  when  setting  up  any  such 
constants  to  differentiate  between  dynamos  btailt  for  different  voltages, 
and  only  compare  machines  showing  the  same  temperature  rise  and 
commutating  properties,  to  be  really  of  value  for  the  purpose  of  com- 
^^parisoti,  these   constants  should  apply   to  machines  similar   in  those 
^^f'espects.     In   addition,  in   order   to   be  quite  exact,  the  comparisons 
^^hould  be  based  not  so  much  on  revolutions  per  minute  as  on  peripheral 
speed,  as  the  output  for  a  given  temperature  is  closely  associated  with 
this  figure. 

(9)  Aitcrnators :  The  "tie  rod"  construction  has  certainly  seen  Its 
best  days,  and  is  being  now  abandoned  ;  in  its  place  we  have  the  far 

^^ better  '* angle  iron  construction,'  which  no  doubt  has  come  to  stay, as  it 
^■really  solves  a  difiicult  problem,  and  I  am  surprised  that  Mr.  Scott  has 
^■omitted  to  mention  it.  With  regard  to  the  new  Niagara  Alternators 
and  the  foot-note  relating  thereto^  it  is  also  interesting  to  note  that  Mr. 
C.  E.  L,  Brown  had  originally  proposed  an  inner  pole  machine  for  that 
station,  and  has  always  been  of  opinion  that  it  was  the  best  type  for  the  ^m 
purpose.  ^H 

(10)  Voltage  Drop  ;  Mr,  Scott  omits  to  iTventvon  IW  ^T"CKiWte.''5^^-   ^H 
Induction  which  is  the  principal  cause  for  red\icl\oiv  oi  ^d\Xs,^^^^^^^^^H 
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.  Tynn.      load  ;  the  *iamc  considerations  apply  here  as  in  the  direct-current  case. 
Surely  the  lower  the  periodicity  required  the  easier  it  is  to  adopt  slow 
I  speeds,  and  the  higher  the  periodicity  required  the  greater  advantage 

I  is  there  in  high  speeds^    To  make  the  comparative  figures  in  the  tables 

of  greater  value  the  ■*  regulation "  properties  of  the  alternator  would 
have  been  of  interest.    This  additional  information  would,  no  doubt, 
I  account  for  the  apparent  discrepancies.     It  is  also  not  fair  to  compare 

I  alternators  designed  for  a  widely  different  periodicity  and  widely  differ-^ 

I  ent  terminal  voltage*     It  has  given  mc  much  pleasure  to  read  Mr^Scottl^B 

I  very  interesting  paper,  and  it  should  call  forth  an  instructive  discussion*^ 

Passing  now  to  Mr.  F>sson's  paper  ;^When  speaking  of  the  Frank- 
fort  Exhibition  of   rSgi,  and    whilst   complaining  of   the  scarcity  of 
alternators  sho>vn,  Mr.  Esson  forgets  to  mention  what  was  surely  one 
I  of  the  features  of  tlie  show,  namely,  the  Brown  three-phase  machine* 

I  Although  it  is  a  design  whichy  like  others^  has  since  disappeared,  it  did 

I  create  at  the  time  a  great  deal  of  interest  and  found  numerous  imitators. 

Had  Mr.  Esson  noticed  this  alternator  at  the  time,  he  would  have  found 
I  tliat  there  was  practically  no  variation  of  flux  for  varying  positions  of 

I  the  field,  and  he  might   have  designed  the  improved  alternators  h 

I  brought  out  in  1895  several  years  earlier. 

I  The  statement  that  there  is  no  essential  difference  between  the  self- 

induction  of  a  CO  re  I  ess  and  an  iron  armature,  I  put  down  to  a  lapsus 
iingu(r.    Surely  this  point  is  clear  enough  at  the  present  time* 

I  agree  with  Mr.  Esson  when  he  says  that  the  *' slider  form 

brush-gear  is  most  in  favour.     It  is  very  justly  so.     I  like  to  see  the 

I  arm,  however,  as  short   as   possible — in   fact   the   whole  appearance 

I         ^    appro3dmating  that  of  the  '* reaction  holder/'    The  ^'hinged  holder" 

'  type  is  decidedly  faulty,  and  can  only  be  used  with  some  measure  of 

success  on  commutators  of  very  large  diameter.  I 

I  notice  that  neither  author  has  a  good  word  to  say  for  the  so-called 

inductor  alternator.     Unfortunately  time  does  not  permit  me  to  go  into 

this  matter  very  fully  just  now,  but  I  may  say  that  my  experience  with 

that   type   has    been  very  satisfactory,  and   I   have  designed  quite  a 

number  which  in   total  weight  are  only  very  little   behind  the   be 

heteropolar  designs  with  all  poles  w*ound,  whilst  in  cost   they  are 

distinctly  more    advantageous,   comparing  machines  of    equal  drop, 

Commercial  machines  ought  to  have  from  4  to  6  per  cent,  drop  for  a 

power -factor  of  one,     I  know  of  no  alternators  working  in  this  country 

with  only  2^  per  cent,  drop  at  full  load,  and  until  quite  recently  our 

alternators  here  showed  all  a  drop  of  nearer  12  than  5  per  cent.     Tht^ 

so-called  inductor   alternators  are,  however,  not  suitable  for  outputs 

exceeding,  say,  2,000  k.w.  at  i^ooo  revolutions  as  tbree-phasers^  the  maiii 

exciting  coil  becoming  unwieldy  in  larger  sizes. 

Let  me  hope,  in  conclusion^  that  the  downfall  of  the  single-phase 

system,  surely  the  simplest  in  existence,  is  not  so  near  at  hand  as  Mr* 

Esson 's  concluding  remarks  may  lead  one  to  believe.     The  new  siiigic' 

phase  motor  which  I  have  designed,  and  which  is  being  now  thoroughly 

"  tried f  mayf  I  hope,  be  of  great  help  to  those  stations  who  at  this  momeiU 

1  are  only  waiting  for  suHicvent  ca.pilal  S^c*  ^i^v^^^t  cixec  to  two-  or  three 

I         phasef  sometimes  even  to  direct  cuTte^vV, 


re^ 
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Mr,  H,  Ledwaud  (communicated) :  With  regard  to  the  output- 
coefficient  of  Mn  Esson,  I  should  like  to  make  a  few  remarks.  From 
the  formula  for  the  voltage  of  a  continuous -current  machine,  it  i^  easy 
to  develop  the  following  formula  (using  inch  units) — 

K.W, 


Mr. 
Ledw 


D'LR 


=  1,67  a  .  B  .  AS  ,  10-^ 


^^  where!  ti  a  is  the  ratio  of  pole -arc  to  pole-pitch,  B  is  the  flux-density  on 
the  face  of  the  pole-shoe,  and  A  S  is  the  number  of  ampere  conductors 
per  inch  of  periphery.  This  formula,  it  should  be  noted,  is  not 
empirical,  but  is  fulfilled  absoluttily  in  ^H  machines.  The  output-co- 
efficient !S  hence  dependent  upon  the  values  of  a^  B,  and  A  S,  which  are 
in  turn  fixed  by  the  necessity  for  spark  I  ess  commutation  and  are 
independent  of  the  frequency.  The  explanation  given  by  Mn  Esson 
for  the  higher  output-coefficient  of  Continental  machines  is  therefore 
incorrect.  The  fact  is  that  they  customarily  go  a  little  higher  with  the 
value  of  AS  and, perhaps,  B.  1  do  not,  moreover,  think  that  Mr.  Esson 
is  correct  when  he  states  that  the  frequency  of  Continental  machines  is 
lower  than  that  of  English  machines  ;  if  anything,  the  reverse  is  the 
case.  The  average  value  of  c  for  twenty  machines  {of  Continental 
*  make)  varying  in  output  from  55-1,000  k,w,,  I  have  found  to  be  16,85. 
The  maximum  and  minimum  values  being  35  in  the  case  of  a  100  k.w. 
machine  of  V,E.A.G.-Wien,  and  7  in  the  case  of  a  350  k.w.  machine  of 

I  the  Soc.  Alsacienne, 
With  reference  to  the  output -coefficient^  I  may  mention  that  the 
output-coefficient  of  an  alternator  is — 
1 


D'LR 


^  1,67  a  .  B  .  AS  ,  k  .  IO~ 
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where  k  is  the  E.M.F.  wave-factor  ^s  1,11  for  sine  wave*form.  I  do 
not  think  that  Mr,  Esson  is  correct  when  he  states  that  the  output - 
coefficient  of  Continental  ahernators  is  about  0,015^  I  know  machines 
the  output-cocfficients  of  which  vary  from  0,036  to  0,008,  the  first  being 
a  30Q  k,w.  of  the  Soc.  AJsaciennej  and  the  latter  a  275  k.w.  machine  of 
Brown,  Boveri  &  Co,  This  variation  is,  I  think,  considerably  greater 
than  is  the  case  with  modern  continuous-current  machines.  For 
example,  from  10  c.c,  machines  varying  from  330-1,000  k,w,  output, 
the  output-coefficient  varies  irregularly  from  0,053  ^^  0,026. 

With  regard  to  transformers,  the  shell  type  is  undoubtedly  cheaper 
and  more  efficient,  and  with  a  reasonat^le  system  of  forced  draught 
cooUng,  such  as  is  employed  by  the  Westinghouse  and  the  General 
Electric  Company,  they  are  preferable  to  the  core  type  for  all  large 
sizes  (say  above  100  k.w.  per  phase).  They  cannot,  however,  btf  easily 
built  for  more  than  one-phase,  which  explains  the  fact  that  the 
Americans  prefer  three  single-phase  transformers  for  three-phase  work. 

I  think  that  one  reason  for  the  use  of  the  special  type  of  rotor 
winding  mentioned  in  Mr.  Esson's  paper  is  that  the  ordinary  type  of 
squtrret-cage  winding  is  patented  by  the  A.E.G,  in  GermcMiY, 

Mr.  E,  V.  Clark  (commt^nkaUd) :   In  coatieGti^ott  viVlV  *.^«ie;6.  ^mev^  ^^t.^so^ 
periodicity,  it  is  perhaps  worth  while  to  caU  attentiotv  to  t\v^  ^^^"^  \5a'aiL, 
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Mr.  Clark  {qj.  ^  given  periodicity,  the  linear  distance  between  pole  centres  is  de- 
pendent on  the  peripheral  velocity  of  the  machine,  and  on  nothing  else. 
This  proposition  is  self-evident  directly  it  is  looked  into,  though  I  canoot 
recall  having  seen  it  in  print.  At  50  cycles,  for  instance,  each  armature 
bar  must  pass  over  100  poles  per  second.  If,  then,  the  poles  are  i  foot 
centres,  the  peripheral  velocity  must  be  100  feet  per  second,  or 
6,000  feet  per  minute  ;  and  one  can  only  reduce  this  to  5,000  fefet  per 
minute  by  crowding  the  poles  in  to  lo-in.  centres.  As  high  speeds  are 
associated  with  high  peripheral  velocities,  it  is  in  this  class  of  machine 
that  one  finds  the  poles  most  widely  separated. 

In  this  connection,  it  may  be  pointed  out  that  Mr.  Esson  is  very 
conservative  in  fixing  6,000  feet  per  minute  as  the  maximum  advisable 
limit  (vide  p.  340).  The  E.C.C.  1,500  k.w.,  50  cycle  two-phase  alter- 
nators in  the  new  Leeds  generating  station  run  at  200  revolutions  per 
minute  ;  and  the  magnet- wheels,  13  feet  6  inches  in  diameter,  have  the 
great  velocity  of  8,480  feet  per  minute,  with  a  polar  pitch  of  almost 
17  inches.  It  is  almost  impossible  (except  with  low  periodicities)  to 
avoid  a  high  peripheral  velocity  in  machines  of  large  output,  simply  on 
account  of  the  crowding  of  the  poles  which  otherwise  results,  and  the 
inefficient  use  of  materials  when  the  magnetic  path  is  several  times  as 
long  as  it  is  wide  ;  and  of  this,  the  3,500  k.w.  Kolben  alternator  at  the 
Willesden  station  of  the  MetropoHtan  Electric  Supply  Company, 
Limited,  affords  a  good  illustration.  This  machine,  of  which  particulars 
have  courteously  been  supplied  me  by  the  company's  secretary,  runs  at 
75  revolutions,  generating  two-phase  current  at  60  cycles,  and  its 
armature  is  300  inches  in  bore,  and  29^  inches  in  axial  (core)  length, 
the  output-coefficient  being  '0176 — considerably  smaller  than  one  might 
have  expected  at  first  sight.  But  Mr.  Eborall  mentioned  that  the 
design  of  this  machine  was  rendered  far  from  easy  by  the  high 
periodicity,  and  a  little  scrutiny  will  fully  bear  this  out.  Even  with 
this  large  diameter,  giving  a  peripheral  velocity  of  about  5,900  feet  per 
minute,  the  polar  pitch  is  under  10  inches,  and  this  with  an  axial  length 
of  pole  of  29^  inches  or  thereabouts.  In  antithesis  to  this,  we  have  the 
three-phase  machine  of  the  same  speed  and  output,  but  generating 
current  at  25  cycles,  built  by  the  General  Electric  Company  of  America, 
and  illustrated  in  Fig.  28  of  Mr.  Scott's  paper.  Here  the  diameter  over 
poles  is  reduced  to  200  inches — but  two-thirds  that  of  the  Willesden 
alternator — with  a  reduction  in  peripheral  velocity  to  3,900  feet  per 
second,  but  nevertheless  the  polar  pitch,  on  account  of  the  low 
periodicity,  is  i5'6  inches,  affording  a  much  more  satisfactory  and 
efficient  shape  to  the  section  of  the  magnetic  path.  The  design  of  a 
3,500  k.w.  alternator  at  75  revolutions  for  a  periodicity  of  100  is  difficult 
to  conceive.  In  fact,  it  is  doubtful  if  any  maker  would  be  anxious 
to  undertake  to  construct  a  machine  of  this  output  and  periodicity, 
except  perhaps  for  coupling  to  a  steam  turbine. 

Mr.  Bowen.  Mr.  H.  V.  BowEN  {commuuicated)  :  1  have  read  Mr.  Scott's  paper 

with  great  interest.     Referring  to  the  section  **  Winding  of  Armature," 

it  would  have  been  of  great  interest  to  many  English  designers  if  Mr. 

Scott  had  extended  this  scctiotv  ^itvd  I^lmowx^^  xvs*  -^vth  his  experience 

and  criticism  of  someoi  t\\e  uncovumovv  Mtvo\^'$i^\:v^'^^'ax?;5\€s^i^\^^^ 
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which  no  doubt  he  would  have  met*  being  so  closdy  associated  with  Mr.  Bo'a 
the  International  Engineering  Company,  It  is  well  know^n  that  these 
types  of  windings  are  very  mnch  in  vogue  on  the  Continent,  particularly 
empJoyed  by  German  manuifacturers.  It  would  be  interesting  to  know 
if  these  types  of  windings,  arranged  on  slotted  armature  cores  and 
without  balancing  rings^  are  altogether  a  success  as  regards  sparkless 
commutation  and  the  absence  of  internal  circulating  currents,  assuming 
a  normal  ratio  of  armature  ampere -turns  to  field -ampere  turns.  To 
clearly  indicate  the  type  of  series  parallel  windings  I  refer  to,  I  give 
the  following  data  of  some  dynamos  of  various  German  ftrms,  the  first 
two  being  taken  from  Table  L 

w  Examples  of  Arnold's  Series  Parallel  Windings. 
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The  last  machine  is  very  interesting,  as  it  possesses  several  un- 
common features*  It  is  a  direct-coupled  steam  set,  and  literally  a  fly- 
wheel type  generator,  the  armature  core  being  built  on  the  top  surface 
of  the  heavy  cast-iron  flywheel.  The  machine  was  manufactured  by 
the  Helios  Company,  Koln,  Ehrenfeld^  for  operating  machinery  in  a 
cement  w^orks  in  Hanover^  I  believe.  The  following  are  some  of  the 
dimensions : — 

I            Diameter  over  the  armature  stampings          .„    5,000  mm. 
L           Width  over  core  stampings       - ,,       210    „ 
I           Diameter  over  the  field  system,  exclusive  of 
)                   the  extra  for  yoke  feet        ...    6,100    ,^ 
\            Diameter  of  Commutator           *    3,000    „ 
I      There  are  505  slots  on  the  surface  of  the  core,  each  16 
and  there  are  four  armature  conductors  per  slot,  each  4-5 
The  brush  gear  is  supported  from  the  yoke  by  four  brackets, 

I  should  like  to  ask  Mr.  Scott  if  he  has  met  with  such  an  uncommon 
example  with  Arnold's  Scries  Parallel  Winding,  and  if  so,  his  critical 
remarks  upon  the  observed  behaviour  of  the  machine. 

Referring  to  these  types  of  windings,  I  have  vn.  imYid  t'^o  \i:3K)  V,^., 
^jo  volti;,  6  poh  generators,  both  h aving  series  paia.\Ml^pt  qI  ?cct]cai>x^^ 


X  42  mm., 
X  12  mm. 
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.  Bowen.  winding.  These  machines  were  built  by  a  prominent  German  firm, 
and  who  are  at  the  present  time  offering  very  cheap  machines  upon  the 
Enj^lish  market.  These  two  machines,  even  when  running  at  half  load, 
became  very  hot  on  the  armature,  and  sparked  badly.  Probably  the 
risks  attached  to  these  types  of  windings  have  prevented  English  and 
American  designers  from  adopting  them,  and  it  would  be  very  interest- 
ing, I  am  certain,  to  the  members  of  the  Institution  who  are  in  touch 
with  the  designing  of  generators,  to  hear  Mr.  Scott  express  his  opinion 
upon  these  uncommon  windings. 

On  page  379,  Mr.  Scott  states  that  "  in  ordinary  parallel  winding  the 
number  of  slots  and  commutator  segments  must  be  even,  whereas 
in  series  winding  the  numbers  must  be  odd."  If  the  armature  be  loop 
wound,  a  parallel  winding  will  result,  no  matter  whether  the  number 
of  commutator  bars  be  even  or  odd ;  and  again,  in  two  circuit  series 
windings,  if  the  number  of  pole  pairs  for  the  magnetic  circuit  be  odd,  a 
series  winding  can  be  obtained  by  an  even  number  of  commutator 
segments,  as  shown  by  the  data  given  below  of  a  6  pole  75  k.w. 
generator,  which  I  designed  some  time  ago. 

On  page  400,  and  in  the  last  paragraph,  Mr.  Scott  states  that  if  the 
"  circumferential  current  density  "  is  about  700,  it  indicates  a  skimped 
design.  I  would  like  to  point  out  that  this  figure  must  be  reached,  and 
sometimes  must  be  exceeded  if  the  machine  is  of  large  capacity, 
running  at  a  high  speed,  otherwise  the  iron  losses  will  far  exceed  the 
C*R  losses  of  the  armature,  with  the  result  that  the  all-round  efiiciency 
will  be  reduced  ;  so  that  under  certain  conditions  this  figure  cannot 
indicate  a  skimped  design.  Of  course,  in  the  case  of  generators  which 
run  as  shunt  machines  at  460  volts  for  lighting  purposes  and  550  volts 
for  traction  purposes,  with  a  constant  kilowatt  output  and  speed,  this 
circumferential  density  must  be  reduced  on  account  of  the  weak  field 
and  large  current  under  the  shunt  conditions  and  the  consequent  intro- 
duced sensitiveness  of  the  non-sparking  range. 

On  page  403,  Mr.  Scott  states  that  the  average  figure  for  the  amount 
of  current  which  can  be  collected  at  one  pole  can  be  taken  at  500 
amperes  per  pole.  This  figure,  I  think,  would  be  high  for  high-speed 
traction  generators,  and  I  am  afraid  that  in  the  majority  of  cases,  if 
traction  and  lighting  generators  with  slotted  cores  were  designed  on 
these  lines,  their  behaviour  would  not  be  altogether  desirable  as 
regards  sparkless  running  with  fixed  brush  position  on  variable  loads. 

On  page  404  are  given  some  extracts  from  Messrs.  Parshall  & 
Hobart's  book  on  Electric  Generators,  in  which  the  gap  ampere  turns 
divided  by  cross  ampere  turns  are  between  •61  and  '68.  With  such  a 
ratio  as  this,  and  if  the  machines  were  shunt-wound  and  self-exciting 
(the  generators  as  a  matter  of  fact  being  compound-wound),  the  variation 
in  terminal  voltage  through  varying  loads  would  be  considerable. 

I    may   state  that  one  of   the   manufacturers  of  these   machines, 

according  to  one  of  their  recent  designs,  has  now  adopted  a  ratio  of 

over  unity.     This  ratio  would   be  a  far   better  factor   for   indicating 

skimped  design  than  **  circumferential  density."    A  ratio  less  than  unity 

realiy  means  a  machine  very  mMc\v  ci\ex\o2t^^^. 

Table    I.    supplies  mucV\  'wvtetesWtv^  mloxToaJCvixv  ^sSJOa.  x^'s^^V.  \a 
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^^ious  niakers,  representing  different  characteristics  and  constants  of   Mr.  Bo«i 
iesign,  and  I  give  below  data  of  a  few  machines  which  I  have  designed 
:>T  the  Industrial  Engineering  Company,  of  Newton,  Hyde,  at  various 
umes.     These  figures  may  be  of  interest  to  those  perusing  Table  !■ 

Data  of  Three  High*speed  Direct-coupled  "Industrial" 

Gekekatorb, 


K.W 

550 

350 

75 

Amperes      .„     „*     ,,, 

I,ooo 

770 

137 

Volts .. 

550 

325 

550 

Revs,  per  mmiite 

330 

..        380        ,. 

500 

Mr-    ,.             Armature     ,„     ...     .,, 
¥mdmg,..|j,.^^^    

Drum 

Drum 

Drum 

Compd.  . 

,.     Compd.     , 

Shunt 

No.  of  Poles 

y 

8 

6 

'Diameter  of  Armature 

54 

44 

28 

Length  of  Core  „.     ... 

Hi       . 

loi      ., 

6i 

Irmature..,. 

No.  of  Slots.,, 

t6S 

192 

131 

Core  Section      ...     ,.. 

i8o 

130 

68 

No.  of  Conductors     .,, 

1,008 

.           768           .. 

>34 

Section  of  Conductors 

■075 

.           065           .. 

'03 

/Section  of  Pole 

140 

90 

53 

ridd 

Polar  Surface     -*,     .,. 

170 

130 

72 

Magneto ' 

Air  Gap       .„     ...     ... 

7/16         .. 

-        9lJ2 

3/16 

Section  of  Yoke,..     ... 

igo 

125 

72* 

^Poles    

Solid 

Solid       ... 

Solid 

^Commutator  Diameter 

36        .. 

30 

ig 

tem- 

Commutator  Face     ... 

12 

J2 

4 

mutator 

No.  of  Segments 

StH        ■■ 

.           384           - 

262 

No.  of  Bi-ushes  ,..      ]  ^ 

sets  each 
of  8 

8  sets  each 
of  S 

6  sets  each 
of  4 

Armatuie,  Copper     .., 
Field,  Copper    

1,060 

630 

150 

2,300 

,      1,650 

540 

heights  -..^  Commutators,  Copper 
Armature  Core,  Iron..* 

1 ,000 

860 

200 

Ji500 

.     2^000 

700 

/Full  Load    ,. 

^^^t  .     .jrmd 

95'S 

»       93' 5 

93^5 

95 

93'o 

92 

i  Load...     ... 

Q3'5 

.       9r25      ... 

90 

Circumferential           1 

Density  f 

750 

540 

420 

h 


*  All  the  yokes  are  of  cast  iron. 
Note. — All  dimensions  and  weights  in  inches  and  pounds. 

The  working  characteristics  of  the  machine  are  quite  satisfactory  in 
^very  respect,  the  temperature  rise  keeping  well  within  the  usual  limits, 
and  no  sparking  taking  place  from  no  load  to  25  per  cent*  overload, 
with  fixed  brush  position,  and  further  capable  of  taking  50  per  cent, 
momentiiry  overloads  without  injury. 

Mr.  W.  B.  EssoN  :  I  am  glad  to  say  that  in  replying  to  the  various    Mr, 
criticisms  that  have  been  passed  upon  my  paper  m^  la.^k  X'S*  ^  t^'ov- 
parstive!j  light  one.     The  first  speaker,  Professor  Ca.tuv'^VX^r^v  x«i- 
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^r.  E^on.  f erred  to  the  question  of  commutation,  and  it  would  iicem  with  regard 
to  tliis  matter  ttiat  the  more  we  know  the  less  we  really  learn  about  it. 
We  used  to  think  some  ten  yearti  ago  that  we  knew  about  it  all  there 
was  to  be  known,  after  the  classical  papers  of  the  laic  Dr.  John 
Hop  kin  son  and  others  had  been  read.  There  had  to  be  a  fringe  of 
magnetic  lines  at  the  pole- tips  which  allowed  the  current  to  be 
gradually  stopped  in  each  section  as  it  came  under  the  brush  aad 
induced  in  it  a  current  in  the  opposite  direction  just  of  the  proper 
magnitude  before  the  section  left  the  brush.  The  latest  exponent  of 
the  American  view  is,  I  suppose,  Mr,  Hobart^  whose  excellent  paper 
read  at  the  Glasgow  meeting  is  still  fresh  in  our  memory,  but  so  far  as 
I  am  aware  Mr.  Hobart  does  not  find  fault  with  the  old  theory.  The 
argument,  I  take  it,  is  this.  You  probably  want  some  kind  of  fringe 
for  bringing  the  current  in  the  section  to  zero  and  reversing  itj  but  the 
magnitude  of  this  fringe  must  be  dependent  on  the  reactance  voltage. 
Make  the  reactance  voltage  negligible  and  then  you  can  be  independent 
of  the  fringe,  or  in  other  words  you  can  do  without  a  positive  field  and 
workj  as  Professor  Cams- Wilson  says,  even  with  a  negative  one. 

In  some  of  his  dynamos  I  understand  Mr.  Hobart  has  a  reactance 
so  small  that  he  can  run  them  wuth  a  trailing  instead  of  a  leading  brush, 
thus  making  use  of  w^hat  w^ould  otherwise  be  the  back  induction  of  the 
armature  for  strengthening  his  field.  In  this  case  it  becomes,  of  course, 
forw^ard  induction.  1  have  pointed  out  in  another  place'  that  when 
the  armature  teeth  are  highly  saturated^  the  real  air-gap  by  no  means 
corresponds  with  the  apparent  air-gap^  so  it  is  just  possible  that  in  the 
cases  cited  by  Professor  Car  us- Wilson  the  field  under  the  pole- tips  is 
not  really  but  only  apparently  reversed.  However  that  maj^  be,  it  is 
certain,  as  the  speaker  says,  that  without  carbon  brushes  w^e  could  not 
in  modern  machines  get  the  results  we  do.  As  Mr.  Hobart  points  out 
in  the  paper  referred  to,  the  idea  of  reactance  is  not  new%  and  when  the 
matter  is  looked  carefully  intOj  reducing  the  reactance  voltage  really 
means  making  the  commutator  sections  for  a  given  machine  as  numerous 
as  possible.  In  large  output  machines  where  we  are  reduced  to  two 
bars  per  commutator  section,  the  current  in  each  bar  must  be  restricted 
to  about  150  amperes,  and  the  number  of  the  poles  must  be  settled 
that  this  current  per  path  is  not  exceeded. 

Coming  now  to  Mr.  EboralFs  remarks,  I  understood  him  to  say  th 
the  output-coefficient  for  a  consistently  designed  hne  of  machines  varied 
in  a  perfectly  regular  way.  I  quite  agree  with  Mr.  Eborall  that  if  there 
is  variation,  this  should  be  and  w^ould  be  regulai- ;  at  the  same  time  there 
may  be  no  variation  at  all  in  the  coefficient,  as  witness  the  line  of  machines 
proposed  by  the  late  Professor  Short  to  which  reference  is  made  in  the 
paper.  All  these  machines  have  a  similar  output- coefficient  from  the 
highest  to  the  lowest.  In  a  consistently  designed  set  of  machines,  then, 
the  line  connecting  the  size  of  the  machine  with  the  output-coefficient 
may  vary  from  a  straight  line  to  a  curve  of  regular  form  according 
theideaof  the  designer,  but  consistency  is  not  of  course  to  be  expect 
when  comparing  machines  by  different  makers  taken  at  random. 


youmal  of  the  ftistitution  0/  Electrical  Eng^nccn,xQ\.^\,^^fci.m 
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[;The  above  remark  answers  some  of  the  observations  made  by  Pro-  Mr. 

)r  Silvanus  Thompson,  who  complains  about  thu  variation  in  the 

mt^coefficient.  Talking  of  the  Steiametz  cocfEcicnt,  I  have  never 
it  or  felt  the  need  of  it,  due  no  doubt  to  my  attacking  the  design 
a  starting  point  which  did  not  make  its  application  convenient, 
lo  not  agree  with  Professor  Thompson  when  he  says  that  my  remark 
lat  '^the  so-called  active  btlt  becomes  more  active  as  the  speed  is 
reduced  "  is  inisleading^  because  this  remark  has  reference  to  an  arma- 
ture of  given  size^  and  it  is  plain,  therefore,  that  in  this  case  speed  is 
synonymous  with  surface  velocity*  Again^  the  d^i  coefficient  expresses 
quite  correctly  the  output  according  to  the  product  of  the  totaJ  surface 
and  the  surface  velocity,  though  for  convenience  the  equation  Is  expressed 
in  terms  of  revolutions  per  minute.  It  is  merely  a  matter  of  substituting 
a  term  for  surface  velocity  instead  of  diameter  X  revolutions  per  minute 
and  altering  the  coefficient  to  correspond,  but  as  every  one  talks  of 
revolutions  per  minute,  in  the  form  given  the  expression  appears  more 
serviceable.  Whichever  is  preferred,  the  fact  is  not  altered  that  as  you 
reduce  the  speed  of  a  given  armature  you  can  press  up  the  induction 
and  so  increase  the  output  for  the  same  heating,  which  tarings  us  tjack 
to  where  we  started,  namely,  that  with  reduced  speed  there  is  more 
activity  in  the  active  belt^  It  can  be  shown  with  regard  to  this  activity 
that  the  condition  for  getting  maximum  resuJts  is  that  the  w^eight  of  tlie 
iron  in  the  core  teeth  must  be  about  equal  to  the  weight  of  the  copper 
in  the  slots. 

Mn  Barker's  remarks  on  turbine  gcjierators  arc  extremely  interesting, 
but  I  do  not  think  I  hat  weight  pcrseh^s  much  to  do  with  the  matter. 
Once  Lrrceted  in  a  generating  station,  the  set  has  not  to  be  shifted 
annually  for  the  spring  cleaUj  so  that  whether  it  weighs  85  or  400  tons 
is  only  of  importance  in  that  it  may  affect  the  cost.  The  kind  of 
\vorkmanship  in  a  turbine  is  different  to  that  m  an  ordinary  enginci 
and  the  real  question  as  to  superiority  will  be  decided  by  the  cost  of 
the  tw*o  classes  of  machinery  in  the  long  run.  That  the  turbine  has 
attained  great  success  is  undoubted,  and  one  cannot  regard  with  too 
much  admiration  the  man  who  in  the  face  of  scorn^  opposition,  and 
ridicule  has  by  his  persistent  effort  and  mechanical  genius  brought  this 
machine  to  its  present  high  state  of  perfection.  All  this  I  may  say 
while  confessing  that  turbines  always  get  on  my  nerves.  When  I  enter 
a  station  where  turbine  generators  are  running  I  have  only  one  desire — 
that  is  to  get  out  again.  The  noise  and  general  air  of  feverish  restlessness 
about  the  place  worries  me,  whereas  when  I  go  into  a  station  equipped 
with  slow-speed  plant,  where  fine  engines  are  running  with  quiet  and 
dignity  J  there  is  a  feeling  of  catm  about  the  whole  which  strongly 
appeals  to  me.     That,  however^  may  be  nierely  a  matter  of  temperament. 

I  don't  approve  of  the  tandem  dynamo,  if  Mr.  Barker  means  by 
that  two  or  more  armatures  threaded  on  the  same  end  of  one  shaft.  I 
do  approve,  however,  of  a  dynamo  on  each  end  of  tlie  shaft,  i,e*t  at  each 
Side  of  the  engine,  which  is  a  very  different  thing.  Dynamos  of  the  tirst 
class  are  only  to  be  tolerated  under  special  conditions,  and  I  would  not 
be  surprised  to  find  them  ruled  out  of  court  by  competent  vnevgocyi^x'^ 
wlie never  these  condUhns  are  not  present. 
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I  think  that  I  am  right  in  saying  that  the  active  belt  of  the  machine 
becomes  more  active  as  the  speed  is  reduced,  because  the  induction  in 
the  belt  can  then  be  put  up  and  the  output  depends  on  this  ■  but  Mn 
Mavor  is  quite  correct  in  pointing  out  that  he  never  stated  that  the 
coefficient  I  use  had  the  same  value  in  different  machines.  Perhaps 
we  regard  the  use  of  coefficients  from  a  different  standpoint  In  my 
view  their  chief  uses  are  two :  first  to  determine  quickly  the  carcase 
dimensions  of  a  new  machine  so  that  we  can  get  out  an  estimate  of  its 
cost,  secondly  to  see  iT  we  are  getting  from  a  machine  of  given  carcase 
dimensions  the  best  it  can  do.  Now^  any  constant  which  embraces  a 
term  depending  upon  the  depth  of  the  slots  is,  to  my  mind^  useless  for 
these  purposes,  as  this  depth  has  nothing  to  do  with  the  weight  of  the 
machine  upon  which  its  cost  depends^  Mr*  Led  ward*  s  remarks  I  do 
not  understand.  He  seems  to  have  discovered  a  mare's  nest^  and  fails 
to  understand  that  the  several  values  ufjon  which  the  output  of  machines 
depend  can  be  massed  together  in  one  term  which,  in  conjunction 
with  the  carcase  dimensions  of  the  machine  and  its  speed,  serves  all 
purposes. 

Coming  to  alternafcing^current  work,  Professor  Silvanus  Thompson 
points  out  that  in  modern  alternators  the  pole*pitch  is  practically 
uiiiform*  Thatj  of  course,  cannot  be  otherwise  if  the  frequency  in  the 
several  cases  is  the  same  and  the  peripheral  speed  is  also  similar.  It 
will  be  seen  from  the  figures  for  alternators  in  Mr.  Scott*s  Table  VIL 
that  the  peripheral  speed  generally  Ues  between  5,000  and  6,000  feel 
per  minute^  the  former  at  50  frequency  corresponding  to  a  pole-pitch  of 
10  inches  and  the  latter  to  12  inches.  Professor  Thompson  knows 
very  well,  of  course,  that  the  voltage,  efficiency,  drop,  and  specific 
utilisation  of  material  have  nothing  to  do  with  this  point,  it  depends 
entirely  on  the  peripheral  velocity  and  frequency ;  at  the  same  time, 
like  Professor  Thompson  and  Mr.  Clark,  I  do  not  remember  uni- 
formity of  pitch  having  been  referred  to  in  print  before.  But  when 
Professor  Thompson  endeavours  to  base  on  this  mere  accident  a 
general  principle  of  design ,  it  is  time  to  call  a  halt,  for  a  moment's 
reflection  will  show  him  that  his  proposition  as  to  circumference  of 
working  face  is  untenable.  Imagine  a  machine  of  100  frequency  with 
a  surface  velocity  of  10,000  feet  per  minute  \  And  yet  we  arc  called 
upon  sometimes  for  machines  of  100  frequency. 

Mr.  Ctark  remarks  that  I  am  very  conservative  in  fixitig  6,000  feet 
per  minute  as  the  maximum  advisable  limit  of  magnet  velocity.  I 
may  be  conservative,  but  I  would  not  say  '*  very,"  for  in  modern 
machines  it  is  rarely  that  this  velocity  is  exceeded.  1  have  myself 
gone  np  to  7^920  feet  on  special  occasions  ;  the  machines  are  running 
quite  satisfactorily,  and  up  to  the  present  nothing  has  burst ;  at  the  same 
time  1  think,  as  mentioned  in  the  paper,  that  6,000  feet  is  quite  high  1 
enough^  and  reference  to  Mr.  Scott's  Table  Vll.  will  show  that  in  Q^H 
case  is  this  exceeded  in  the  alternators  he  cites »  ^^1 

Mr*  Eborall  referred  to  the  better  quaUties  of  high-speed  alternators 

as  compared  with  those  of  low  speed,  but  there  is  one  point  he  did  not 

refer  to,  and  that  is,  that  on  account  of  each  element  of  the  machine — 

consisting  of  a  set  of  armature  cofe  and  ^o\^— ^\\m%\a  the  high-speed 
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IgeDerator  a    greater   output  it    is   more   efficient.     In    the  tow-speed   Mr.  Es*on. 

miachine  we  laave  a  great  number  of  elements  eacti  giving  a  smalJ  out- 

myt.  in  the  high-speed  machine  a  small  number  of  elements  each  giving 

m  comparatively  large  output — hence  the  greater  efficiency  of  the  high- 

kpeed  machine. 

i      I  quite  agree  with  Mr.  Eborall  as  to  forced  draught  for  transformers 

Rn  preference  to  oil,  and  I  entirely  disagree  with  Mr.   Ledward  as  to 

Khe  shell  type  being  either  cheaper  or  more  efficient.     But  as  regards 

Ithe    Hey  land  motor,  Mr.  Et>oratl    knows  as  well   as  I    that   in    non- 

pyncbronou^a  machinery  the  commutator  constitutes  the  one  element  of 

lim purity  which  it  is  our  sole  aim  and  endeavour  to  avoid.     From  this 

Ipoint  of  view,  therefore^  the  Hey  land  motor  is  not  a  purely  inductive 

fcnachine,  hence  my  describing  it  so  in  the  paper.     With  reference  to 

khe  drop  in  alternators,  I  did  not  say  that  2|  per  cent,  was  attained  in 

bractice,  but  that  trade  representations  were  made  to  this  effect.     Mr. 

lEborall  will  know,  of  course,  that  there  is  a  difference^— sometimes. 

•"To  the  statement  that  English  machines    were    far    too   heavy    until 

Irecentlyi  I  must  still  adhere.     No  doubt  2^^  per  cent,  drop  would  t>e 

[better   than   4   per  cenL,  other  things  being  equal  ;  but  other  things 

I  would  not  be  equal,  inasmuch  as  the  cost  for  the  small  drop  would  be 

I  prohibitive,  and,  as  Mr,  Eborall  points  out,  the  parallel  running  would 

■  be  bad.  Accordingly,  after  showing  that  the  small  drop  is  desirable, 
liny  critic  goes  on  to  show  it  is  unnecessary  ;  and  as  that  is  just  the  con- 
I  elusion  arrived  at  in  the  paper,  the  matter  may  be  left  there.  One  other 
l|H>int  mentioned  by  Mr.  Eborall  has  reference  to  two-phase  and  three* 
Iphase  motors,  and  he  states  that  the  former  are  inferior  in  output,  power- 
I factor,  and  efficiency  to  the  latter.  I  think  if  he  looks  into  this  matter 
I  he  will  ftnd  that  the  three-phase  motor  requires  more  copper  thaji  the 
I  two-phase,  which  would  probably  account  for  the  difference, 
I       With  Mr.  Sparks'  observations  on  the  subject  of  *^  Conversion  '*  I 

■  agree  generally,  but  it  was  not  my  intention  on  the  occasion  of  the  dis- 
I  cussion  on  Mr,  Eborall's  paper  to  indicate  difficulties  in  controUing  the 
Ipressure  when  non -synchronous  motors  w^cre  employed.  I  merely 
■pointed  out  that  certain  precautions  had  to  be  adopted  in  controlling  the 
Ipressure,  which  is  quite  a  different  thing.  When  these  precautions  are 
■taken  no  difficulty  whatever  is  experienced,  and  for  every  kind  of 
linachincry  the  regulating  gear  suitable  to  its  use  must  be  installed  if 
■satisfactory  results  are  to  be  attained.  With  these  remarks  I  thank  you 
■all  for  receiving  my  paper  so  kindly. 
I       Mr,  E.  KiLBURS  Scott,  in  reply :  Referring  to  the  conditions  necessary  Mr  ScotL 

for  sparkless  commutation,  Prof.  Cams- Wilson  shows  that  the  method 
I  give  of  comparing  ampere-turns  of  air-gap  with  cross  ampere-turns, 
as  well  as  the  reactance  voltage  method  of  American  designers,  both 
fail  to  meet  the  case.  Even  with  these  incorrect  methods,  however, 
the  dynamo  has  developed  into  a  fairly  satisfactory  machine^  helped,  no 
doubt,  by  the  use  of  carbon  brushes,  saturation  of  iron  round  the  air- 
gap,  and  in  traction  generators  by  the  over-compounding.  At  the 
same  time  it  wouid  be  most  interesting  to  have  the  results  of  a  series  of 
tests  such  as  Prof.  Carus- Wilson  has  hinted  at, 
I        Mr*  Eborall  objects  to  the  item  in  ray  standard  si^tidSicaJCvciU  cS.j 
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Mr.  Scott.  alternators,  dealing  with  the  number  of  slots.  In  mentioning  two  slots. 
I  was  thinking  of  average-sized  machines.  For  very  large  outputs,  more 
slots  would  of  course  become  economically  possible  from  the  manu- 
facturing point  of  view. 

Regarding  the  comparison  of  two-  and  three-phase  machines,  I  must 
confess  to  having  considered  the  matter  in  a  very  general  sense,  namely, 
that  the  three-phase  armature  has  all  its  slots  occupied^  and  the  two- 
phase  only  two-thirds  of  the  slots.  I  know  that  in  practice  this 
relation  is  not  quite  followed,  and  that  questions  of  cooling  surface, 
etc.,  come  in  to  limit  the  output. 

Mr.  J.  H.  Barker  is  wrong  about  the  MetropoHtan  Railway  turbo- 
altcrnators,  for  I  saw  them  recently  under  construction  at  the  Trafford 
Park  Works. 

Late  delivery  of  dynamo  cast  steel  certainly  does  handicap  many 
English  firms.  On  the  Continent  there  is  not  the  same  difficulty, 
because  several  concerns  make  a  speciality  of  such  steel.  Messrs. 
P.  R.  Jackson  &  Co.  and  the  Westinghouse  Company,  who  make  their 
own  steel,  have  a  big  pull,  as  they  not  only  get  immediate  delivery,  but 
the  steel  is  to  standard  quality. 

Single-core  plates  are  thicker  than  segments,  but  as  the  latter  have 
to  be  arranged  in  pairs,  metal  to  metal  to  break  joint,  there  is  not 
much  in  it. 

Mr.  C.  C.  Hawkins  rightly  points  out  that  the  maximum  output  obtain- 
able from  any  given  carcase  and  quantity  of  copper  and  iron,  is  the 
information  most  desired.  Unfortunately  designers  generally  prefer  to 
keep  such  data  to  themselves.  Where  firms  design  very  closely  to  the 
specified  requirements,  it  is  a  good  deal  due  to  their  employing  standard 
carcases  and  thoroughly  testing  every  new  size.  In  this  country  I  am 
afraid  the  testing  department  is  not  in  close  enough  touch  with  the 
designing  and  drawing  offices,  and  I  have  also  noticed  a  laxity  in 
entering  up  the  particulars  of  such  few  tests  as  are  made. 

Armature  conductors  with  a  single  bend  take  up  more  room,  but  this 
becomes  of  less  importance  the  greater  the  number  of  poles.  I  certainly 
think  that  anything  which  does  away  with  bands  and  wedges  to  hold 
the  conductors  in  position  is  a  step  in  the  right  direction. 

Regarding  carbon  brushes,  I  object  to  loose  sliding  carbon  blocks 
for  large  dynamos  because  of  their  loud  chattering  noise. 

Vacuum  drying  is  principally  employed  for  drying  out  the  coils, 
but  after  they  are  assembled  the  completed  armature  may  also  be 
treated.  I  do  not  think  there  is  any  more  difficulty  in  removing  the 
last  traces  of  moisture  than  with  ordinary  baking. 

Prof.  S.  P.  Thompson's  elaboration  of  the  output  equation  is  instructive, 
and  his  further  remarks  on  equalising  rings  will  help  to  draw  attention 
to  the  necessity  of  making  provision  against  inequality  of  air-gap  and 
magnetic  value  of  the  poles.  I  note  that  the  Westinghouse  Company 
guarantee  that  by  their  method  the  armature  may  be  as  much  as  yV  ^^^^ 
out  of  centre  without  detriment. 

I  had  not  heard  of  water-glass  as  an  insulator  of  core  discs;  its 
refractory  character  should  give  it  additional  value. 

That   the   pole-p'itcV\    oi    ^\.V<iiwaX.oY's»   ^n^t^-^^'s*  ^   inches   for  a 
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[frequency  of  50  r\j  is  a  tiiieftil  fact  to  know.    Curiously  enough  the  Mr,  ScotL 
|same  peculiarity  is  referred  to  in  Mr,  E.  V.  Clark's  remarks, 

Mr*  V,  A.  Fynn  thinks  it  unnecessary  to  cast  the  yokes  in  a  solid 
I  ring,  and  if  one  could  be  sure  that  the  two  halves  were  run  from  the 
same  ladle  of  metal  it  would  not  matter.  When  tw^o  halves  are  cast 
[  together  the  quality  must  be  the  same.  If  the  armature  end  plates  have 
['fingers  cast  on  to  support  the  teeth,  then  the  core  discs  need  not  be 
reduced  in  diameter  at  tlic  corners.  Unlcsij  thu  teeth  arc  fairly  large , 
^however,  such  fingers  may  snap  off. 

The  fact  that  the  figurcii  I  put  forward  differ  so  much  from  those 

[found  useful  by   Mr.  FynUj  shows   the   necessity  of  ventilating  this 

[question  of  size  for  a  given  output.     I  believe  greater  outputs  could  be 

obtained  per  pound  of  iron  and  copper  than  is  at  present  the  case  with 

[many  English  machines. 

Prof.  David  Robertson's  remarks  form  quite  a  treatise  on  armature 
windings,  and  I  am  pleased  to  have  his  corrections  and  criticisms. 
The  windings  aciuaUy  employed  in  the  workshop  are  few,  but  it  is 
necessary  to  have  some  law  or  equation  governing  all  types  such  as 
Prof.  Robertson  has  given.  His  suggestion  of  machines  having  two 
commutators  is  interesting,  but  too  expensive.  As  pointed  out  in 
Fig,  17,  there  has  been  a  slip  in  making  the  block. 

Mn  H.  V.  Bo  wen  refers  to  the  Arnold  series  parallel  winding. 
There  is  no  doubt  that  for  all  ordinary-sized  machines  this  winding  has 
been  very  successful.     I  have  not,  however,  had   an   opportunity  of 

(observing  its  effect  on  such  an  extreme  case  as  a  30-pole  dynamo  at 
^  revolutions  per  minute. 
Possibly  the  two  6-pole  generators  mentioned  were  overrated  in 
output*  Much  overrating  goes  on,  and  is  not  confined  to  Continental 
makers.  Some  rules  such  as  the  American  Institution  of  Electrical 
Engineers  have  adopted  would  go  fai'  to  reduce  the  practice. 

I  am  glad  Mr.  Bo  wen  has  given  the  additional  data  of  his  three 

I  multipolar  dynamos ;  it  is  a  much  needed  example  to  other  designers 
in  Ibis  country. 
'  I  n  conclusion  I  have  to  thank  all  those  who  have  contributed  to  the 
discussion  for  their  critical  and  interesting  remarks.  Regarding 
features  which  1  may  seem  to  have  put  forward  as  novels  I  might  just 
say  that  the  paper  was  written  t\vo  and  a  half  years  ago.  In  giving  the 
[tabulated  data  and  dimensions,  etc.,  I  wished  to  put  on  record  certain 
particulars  which  I  thought  might  be  useful  to  others.  I  think  they 
may  be  taken  as  fairly  representative. 


k 


The  President  announced  that  tlie  scrutineers  reported  the  fol- 
lowing candidates  to  have  been  duly  elected  :^ 


Metnbers. 

Wilson  S.  Carr.  |  William  Herbert  Donner, 

Robert  Hood  H aggie. 


Vou  32, 


ai 
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To.  of  Certificate  181393. 


N.  L.  17^801, 


THE  COMPANIES*  ACTS   1S62   TO   1900, 
[Copy.] 

SPECIAL    RESOLUTION 

(Pursuant  to  the  Companies*  Act^  1861,  Sections  50  and  51) 
OP 

Zbe  3n5titutfon  of  iBIectrical  lengineers. 

Passed  Fthnmry  36j  1903,  Confirmed  March  17,  1905. 


At  a  Special  General  Meeting  of  th£  Members  only  of  the 
above-named  Inatitntion,  duly  convened,  aod  held  at  the  Institution  of 
Civil  Engineers,  Great  George  Street,  in  the  City  of  Westminster,  on 
the  twenty-sixth  day  of  February,  1903*  the  following  Special  Resolu- 
tion was  duly  passed  ;  and  at  a  subsequent  Special  General  Meeting 
of  the  Members  only  of  the  said  Institution^  also  duly  convened  and 
held  at  the  Westminster  Palace  Hotel,  Victoria  Street,  in  the  City  of 
Westminster^  on  the  seventeenth  day  of  March,  1903?  the  following 
Special  Resolution  was  duly  confirmed  : — 

I  Resolution. 

*'That  the  Regulations  contained  in  the  Articles  of  Association  of  the 
Institution  be  altered  in  the  following  manner,  that  is  to  say  ■ — 

I      i^  Article  38.    By  adding  the  following  words  at  the  end  of  the  existing 
Article  : — 

"In  C3se  any  individual  shall  be adjiudLcated  bankrupt,  or  convicted  of  felony,  the 
Counci]  m:!}'.  witiioiit  anv  inuch  propi:)iSal  c^r  litcps  ^  aforesaid,  decide  that  hin  name 
shall  bo  removed  fram  tine  Register  of  the  Iii&titutjun,  acid  the  Secretary  shall  com- 
manicate  such  d^'ctsiun  to  the  individual  accordiiig  to  the  h'onii  EE  Id  tlie  ached ulc^" 


2,  Article  41. 
Article  ; — 


By  adding  the  following  words  at  the  end  of  the  existing 


"And  tiic  President  shall  be  chosen  frorn  the  Vict-PfeskJents  and  those  who  b:ive 
been  Vlce^Prcaident?  of  thi;  Inslittition,  or  predecessor^  nf  the  tntititiitioa,  and  the 
Vice-PresSdeotfi  shall  be  chosen  from  those  who  are,  or  havE  been,  Members  of  the 
Council  of  the  Institution^  or  predecessors  of  the  Institution." 

3^  Article  43.  By  striking  out  the  espresaion  "one  Vice-President" 
^wherever  it  occurs  in  the  Article,  and  substituting  in  each  case  the  expression 
I  **  two  Vice-Presidents/* 

4.  Article  50.     By  striking  out  the  words  *^  Immediate  Past  President 
and  the  four  senior,"  and  substituting  the  words  **  five  junior." 

5.  Article  54.    By  inserting  the  words  '^  and  Associate  Members  "  after 
the  words  "  Special  General  Meetings  of  Members/' 

6*  Article  56.    By  inserting  the  words  "  and  Aasociale  "^ew^aex^'^  -sS^kx 
the  words  *' xs^  Special  General  Meetings  of  Members" 
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7.  Article  62.    By  adding  the  words  "  and  Associate  Members  "  after  the 
words  "  vested  only  in  a  Special  General  Meeting  of  Members." 

8.  Schedule  Form  B.    By  adding  the  expression  "  aged  **  after 
the  expression  "  A.         B.        " 

9.  Schedule.    By  inserting  after  the  Form  E  the  following  Form  :— 

,  "  EE. 

"  The  Institution  of  Electrical  Engineers. 
"Sir, 

"  It  is  my  duty  to  inform  you  that  on  the  day  of  the  Council  decided, 

according  to  Article  38,  that  you  should  be  declared  to  be  no  longer  belonging  to  the 
Institution. 

"  I  am.  Sir,  etc." 

10.  Schedule.    By  cancelling  the  Form  G,  and  substituting  therefor  the 
following  : — 

"G. 

"The  Institution  of  Electrical  Engineers. 
"I.  the  underdgned,  having  been  elected  a  of  the  Institution  of 

Electrical  Enjtineers,  do  hereby  lequest  to  be  registered  as  such  and  agree  that  I  will  be 
governed  bv  the  Rules,  Regulations,  and  Articles  of  the  said  Institution  as  they  now 
are,  or  as  they  may  hereafter  be  altered  ;  and  that  I  will  advance  the  objects  of  the 
Institution  as  far  as  shall  t>e  in  my  power ;  provided  that,  whenever  I  shaU  signify  in 
vnriting  to  the  Secretary  that  I  am  desirous  of  withdrawing  from  the  Institution  I  shall 
(after  the  payment  of  any  arrears  which  may  be  due  by  me  at  that  period)  t>e  free 
from  this  obligation. 

"  Witness  my  hand,  this  day  of  ." 


WALTER  G.  McMillan, 

Secretary, 


1902.] 
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GLASGOW  LOCAL    SECTION. 


THE   DESIGN   OF   CONTINUOUS-CURRENT 
DYNAMOS. 


t 

^^k^     By  Henry  A,  MavoRj  Chairman  of  the  Section. 
^^^^^P  {Paper  read  a  I  Meeting  of  Se4:ii'onf  N&e.  ii,  1902,) 

■  Following  up  the  paper  on  thts  subject  read  by  tbe  present  author  at 
the  International  Engineering  Congress,  Glasgow,  1901,  there  are  some 
points  to  which  he  proposes  to  give  furtber  elucidation.  As  in  the  case 
of  the  former  paper,  it  is  not  proposed  to  enunciate  any  new  theories, 
or  to  discuss  the  bases  of  dynamo  design.  The  present  investigation 
has  to  do  rather  with  the  application  to  practical  design  of  tbe  results 
of  the  calculations  and  experiments  of  others.  The  generally  accepted 
constants  and  formulae  may  be  by  this  means  subjected  to  such 
criticism  as  to  lead  to  modification  of  generally  accepted  views,  and 
therefore  such  an  investigation  is  not  without  its  uses. 

Referring  back  to  the  Congress  paper,  the  author  there  suggested 
that  the  essential  part  of  the  dynamo  is  the  region  occupied  by  the 
armature  conductors  in  the  magnetic  field,  and  suggested  the  name 
"  Active  Belt "  for  this  region^  which  is  bounded  by  the  peripheral 
surface  of  the  armature,  the  surface  of  the  core  at  the  bottom  of  the 
slots,  and  the  ends  of  the  core.  He  pointed  out  that  an  examination  of 
the  dynamo  in  terms  of  the  energy  generated  in  this  active  belt  shows 
that  machines  of  widely  varying  size,  output,  and  speed,  give  a 
remarkably  constant  value  in  watts  generated  per  cubic  cendmetre  of 
active  belt  at  unit  velocity  in  unit  held. 

In  an  interesting  paper  read  before  the  British  Association  in 
Belfast  this  year  by  Professor  Silvanus  Thompson,  the  professor  gives 
the  results  of  calculations  on  a  large  number  of  machines  considered 
from  this  point  of  view,  and  confirms  the  value  given  in  the  Congress 
paper  referred  to.  This  value  is  often  exceeded,  but  the  statement 
originally  made  that  5  ergs  per  second  per  cubic  centimetre  at  unit 
velocity  in  uuit  field  may  be  counted  upon  as  a  safe  load,  is  fully 
confirmed.  The  appUcation  of  this  method  of  study  to  machines  of 
smaller  sizes  has  shown  that  this  value  must  be  subjected  to  considerable 
modification,  the  reason  being  that  in  the  smaller  machines  the  losses 
in  the  armature  are  relatively  more  important  than  in  the  larger  sixes. 

On  machines  of  24  inches  diameter  and  upwards  it  appears  that  the 
output  may  safely  be  given  in  watts  per  revolution^  that  is  to  say,  that  a 
given  carcase  will  give  an  output  dl recti}*,  or  nearly  directly,  pro- 
portional to  the  speed  of  rotation  of  the  armature.  In  modern  designs 
of  lai'ge  machines  it  is  not  difficult  to  determine  this  output,  both  with 
regard  to  the  commutating  conditions  and  to  the  temperature  of  the 
armature. 

The  design  of  the  smaller  machines,  for  which  t\l^fc  m^t^e.l'vs.  ^i^x^ 
rapidJy  increusingf  is  not  Jess  worthy  of  close  attetvtou,  ^'ui  "^^^  ^w^^ 
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appear,  judging  from  the  machines  now  on  the  market,  that  this  part  of 
the  subject  has  not  yet  received  the  attention  which  it  deserves.  A  very 
interesting  series  of  articles  at  present  appearing  in  the  journal  Traction 
and  Transmission^  by  Mr.  Henry  M.  Hobart,  is  dealing  somewhat  fully 
with  this  subject,  and  should  be  read  by  all  interested  in  dynamo 
design. 

In  this  connection  it  is  interesting  to  note  as  a  forecast  of  the 
probable  development  in  this  country,  that  in  America  the  year's  census 
of  work,  according  to  the  Pi.mQnc2A\ElectricalWorldy  is  9,182  continuous- 
current  machines  of  428,601  H.P.,  giving  an  average  of  only  35  k.w.  per 
machine  for  the  year  1900. 

Confining,  as  before,  our  attention  to  the  armature,  the  points 
requiring  consideration  in  the  design  of  the  machine  arise  primarily 
from  the  commutating  conditions,  and  from  the  limit  of  temperature 
rise  imposed.  The  commutating  conditions  on  small  machines  can  be 
fairly  safely  dealt  with  on  the  lines  indicated  in  the  Congress  paper, 
arid  it  will  be  found  that  this  part  of  the  question  is  much  more  easily 
solved  than  the  other.  The  temperature  rise  in  the  armature  is  taken 
to  be  due  to  the  following  expenditures  of  energy  on  the  material  of  the 
armature  :— 

(i)  Hysteresis  in  the  core. 

(2)  Eddy  currents  in  the  core. 

(3)  Hysteresis  in  the  teeth. 

(4)  Eddy  currents  in  the  teeth. 

(5)  Eddy  currents  in  the  winding. 

(6)  CR  losses  in  the  winding. 

These  are  the  losses  which  may  be  expressed  in  watts,  to  be  deducted 
from  the  effective  watts  of  the  machine. 

The  subject  of  hysteresis  and  eddy  currents  has  been  discussed  with 
great  fulness  in  various  treatises  on  magnetism  and  on  dynamo  design, 
and  it  is  not  proposed  here  to  enter  into  any  discussion  on  these 
subjects,  but  to  assume  relations  between  those  losses  and  the  induction, 
periodicity,  and  weight.  It  is  quite  certain  that  the  constants  deduced 
from  the  study  of  these  phenomena  in  the  past  must  be  subjected  to 
some  considerable  modification,  and  the  story  is  not  yet  told  of  all  that 
takes  place  in  a  piece  of  iron  under  changing  magnetisation  and  in  a 
copper  conductor  in  a  changing  magnetic  field,  but  the  constants  now 
in  general  use  have  proved  sufficiently  near  the  truth  to  warrant  their 
being  used  for  our  present  purpose,  and  we  may  therefore  follow 
to  a  logical  conclusion  the  assumptions  involved  in  those  constants, 
reserving  to  ourselves  the  right  to  retrace  our  steps  and  amend  our 
constants  when  they  prove  inconsistent  with  the  results  of  experience. 
We  arc  just  as  much  warranted  in  doing  this  as  we  are  in  accepting  the 
tests  of  tensile  strength  of  steel  and  cast  iron,  and  to  all  appearance  the 
electrical  data  are  even  more  reliable  than  the  physical  data  to  w^hich 
we  have  referred. 

It  is  customary  to  treat  hysteresis  and  eddy  currents  in  the  core,  and 

hysteresis  in  the  teeth  as  being  proportional  to  the  periodicity,  or  the 

niteof  change  of  magncVisalvoti*m\.VvalcciY^,that  is  to  say,  to  the  speed. 

he  eddy  currents  in  the  N\'\ud\tig,  at^  w^xxaXVN  •as»'$^\veL'i^ \a>Q^  Yva'sgi^ble 
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in  machiues  in  which  the  winding  is  embedded  in  slots  and  tunneh,  and 
to  be  also  of  comparatively  small  importance  on  smooth-cored  machines 
where  ihe  conductors  arc  well  laminated. 

These  losses  appear  as  heat,  producing  a  rise  of  lemperatnrc  in  the 
armature.  The  cooling  effect  of  the  circulating  air  round  the  moving 
armature  tends  to  dissipate  the  heat,  and  a  point  is  found  when  the  heat 
production  in  the  armature  h  balanced  t>_v  the  radiation  from  it,  and  the 
temperature  becomes  approximately  constant.  It  is  customary  to 
specify  this  constant  temperature  at  something  between  70  deg»  and 
90  deg.  Fahn  above  the  temperature  of  the  surrounding  ain 

On  small  machines  this  is  an  exceedingly  uncertain  standard,  because 
it  is  difficult  to  ascertain  what  is  the  temperature  of  the  ai'mature.  It  is 
difficult  even  to  ascertain  what  is  the  temperature  of  the  surrounding 
air.  There  is  a  further  difficulty  that  a  very  insignificant  variation  in 
the  condition  or  distribution  of  the  material  in  a  small  machine 
very  materially  modifies  the  temperature  rise.  As,  however^  no  more 
satisfactory  standard  of  comparison  has  been  generally  adoptcdj  we 
shall  also  assume  for  the  purpose  of  the  argument  that  it  is  practicable 
to  forecast  the  temperature  rise  of  the  machine,  and  to  measure  it  when 
it  occurs.  For  practical  purposes,  speaking  generany  there  is  no  very 
great  difficulty  in  doing  so.  The  exceptions  which  frequently  arise  are 
usually  due  to  ascertainable  abnormalities. 

Assuming  for  the  present  that  the  proper  constants  have  been 
ascertained  for  determining  each  of  the  losses,  we  may  symbolise 
L     them  by — 


Atn^  Hysteresis  and  eddies  in  the  core  in  watts. 
A„  n  ^  Hysteresis  in  the  teeth  in  watts. 
Aru  n^  =.  Eddies  in  the  teeth  in  watts. 
A„i;  =  Watts  lost  in  the  winding. 


The  radiation  of  heat  from  the  armature  is  takeJi  as  proportional  to 
the  square  root  of  the  speed. 

The  constants  aie  determined  for  any  given  rise  of  temperature 
by  experiment.  The  expression  for  the  total  lost  watts  radiated  by  the 
armature  takes  the  form — 

A^     ^/Jl, 

and  the  copper  loss  is  ascertained  by  deducting  the  iron  losses  from 
the  value  A»  s/n. 

Thus    Ar  ^/  n  —  Ai  n  —  Au  «  —  Am  «'  =  A,ju 

That  the  text  of  the  paper  be  not  unduly  defaced  by  formula,-,  they 
are  relegated  to  an  Appendix  which  gives  constants  and  formulae — 
(i)  For  the  determination  of  core  and  tooth  losses.  {2)  Radiation 
from  the  surface  of  the  core.  (3)  The  watts  generated  by  the  macbine, 
its  output.,  and  efficiency. 

The  total  watts  generated  in  the  winding  of  a  dynamo,  or  absorbed 
in  the  winding  of  a  motor  armature,  are  directly  proportional  to  the 
square  root  of  the  watts  lost  in  the  winding,  tU*i  ^^as^t^  ^o^V  oi  WXafiwj 
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cross-scctional  area  of    tlie  copper,  the  volume    of    the  core,    the 
induction  in  tlic  air  space,  and  to  the  rate  of  revolution  and  inversely      | 
proportional   to  the  square  root  of  the   length  of  each  turn  of  the      ^ 
winding. 


Thus        W  = 


>/A„„  X  y/QSr,  X  irDL  B^v  X  lo^X  n 
>/2L-f  D7^ 
P 


See  Appendix  III. 

This  formula  for  total  watts  symbolises  the  fact  that  the  total  output 
of  the  armature  varies  as  the  square  root  of  the  loss  in  the  winding 
and  directly  as  the  speed.  Now,  if  the  loss  in  the  winding  be  relatively 
small,  the  output  will,  for  practical  purposes,  vary  directly  with  the 
speed.  This  is  the  case  in  large  machines.  In  small  armatures,  on 
the  other  liand,  the  winding  loss  is  relatively  large,  and  it  is  worth 
while  to  look  for  the  conditions  which  give  maximum  output. 

This  can  with  a  little  labour  be  done  for  any  machine  by  a  simple 
graphic  method. 

Plotting  the  values  of  >///,  n  and  m*,  multiplied  by  the  relative 
constants,  to  scale  we  get  a  diagram  for  any  armature  giving  the  value 
of  A„„  (Fig.  i). 

Again  plotting  .values  of  \V  and  n  we  get  a  diagram  of  the  form 
shown  in  Fig.  2. 


maiCCS 


Fig.  I. 


Fig.  2. 


The  form  of  this  curve  is  interesting.  It  shows  that  there  is  for 
every  machine  a  maximum  possible  output  for  a  given  rise  of  tempera- 
ture, and  that  tliis  maximum  is  at  a  definite  speed  of  rotation.  The 
position  of  this  curve  and  of  its  maximum  may  be  varied  by  several 
means. 

For  low  speed  the  total  watts  and  the  efliciency  are  greater  with  a 
deep  slot  and  lii^h  inductions. 

For  hii^h  speed  the  total  watts  and  the  efficiency  are  greater  with  a 
shallow  slot  and  low  inductions. 

The  ratio  between  the  iron  and  the  copper  can  be  adjusted  to  suit 
//]c'  conditions  of  work  Vo  \\\\\c\\  VV\c  \\\oVot  \s  likely  to  be  subjected. 
//',  for  example,  it  has  Vo  vwu  cows\.v.\yv\.\\  \N\V\\v5.N^\^\\\'^V^'aAwvQ>\^svde 
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pply  paid  for  by  meter,  it  is  evident  that  tlie  iron  losses  should  bo 
kc^pt  low  and  the  copper  losses  high  ;  whereas  if  the  machine  is  to  run 
at  full  load,  it  should  be  designed  to  give  the  output  under  the  most 
favourable  conditions  of  combined  iron  and  copper  losses.  Attention 
to  this  point  results  in  a  very  considerable  saving  in  cost  of  working* 

A  reference  to  the  formula;  in  the  Appendix  will  show  how  the 
values  of  these  losses  have  been  determined.  The  losses  in  the  core 
are  seen  to  depend  upon  its  weighty  the  core  induction,  and  the 
periodicity  of  magnetic  reversal.     See  Appendix  L 

It  is  convenient  to  find  expressions  deriving  the  core  induction  from 
the  induction  in  the  air  spacCi  and  this  is  contained  in  a  formula  gi^en 
in  Appendix  L 


D        /ooo    soao 


.5000     ^4000     5000     60OO    7QQO     SOOO    3000 


Fig.  3. 


^P  A  high  value  of  the  induction  keeps  down  the  quantity  of  material 
in  the  active  belt,  the  number  of  turns  of  wire  required,  and  the  re- 
actance voltage.  On  the  other  hand,  the  induction  in  the  air  space  is 
limited  by  the  necessity  for  mechanical  clearance  and  by  the  size  of  the 
caraLse,  The  author  has  not  gone  into  the  investigation  of  the  highest 
permissible  value  of  the  induction  in  the  air  space*  This  maximum 
will  be  found  to  depend  with  any  given  form  of  magnet  on  the  relation 
l>etween  the  length  of  the  path  through  the  magnet  and  the  space 
available  for  wire. 

I It  is  now  almost  universal  to  demand  a  fixed  btMsVi  ^o^vVw^tw  lut  -aS^ 
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the  induction  in  the  air  space  and  teeth  should  be  kept  as  high  as 
practicable. 

The  range  of  speed  variation  by  shunt  regulation  depends  on  the 
reduction  of  the;  field  strength,  so  that  it  is  advantageous  on  this  ground 
also  to  have  the  initial  strength  as  high  as  possible. 

It  will  be  seen  that  the  value  of  the  core  loss  is  not  susceptible  of 
any  very  great  variation,  that  a  reduction  in  the  quantity  of  material 
with  consequent  increase  in  the  induction  does  not  materially  affect  the 
loss  in  the  core.  We  therefore  turn  to  An  and  Ax„  as  the  quantities 
susceptible  of  the  most  effective  change. 

A„  and  Ax„  are  seen  to  depend  upon  the  weight  of  the  teeth.  Here 
a^ain  it  is  convenient  to  derive  this  weight  directly  from  the  slot  depth, 
and  a  formula  has  been  arranged  and  given  in  Appendix  I.,  deriving 
the  dimensions  of  tooth  and  slot  from  the  slot  depth,  the  induction  in 
the  air  space  and  the  maximum  induction  in  the  teeth.  The  factor 
which  is  susceptible  of  the  most  effective  variation  is  the  slot  depth,  and 
diagrams  showing  the  effect  of  the  variation  of  the  slot  depth  take  the 
form  shown  in  Fig.  3,  which  is  worked  out  for  a  machine  of  ten 
inches  diameter. 

The  value  of  the  induction  in  the  teeth,  though  susceptible  of 
considerable  variation,  cannot  be  reduced  so  as  to  materially  affect  the 
result.  Considerations  of  commutation  call  for  a  high  value  of  the 
tooth  induction  as  well  as  of  the  induction  in  the  air  space,  so  as  to 
provide  a  "  stiff "  field  and  to  throttle  or  minimise  cross  induction  and 
consequent  shifting  of  the  diameter  of  commutation  with  change 
of  load. 

The  limit  to  the  tooth  induction  appears  to  be  fixed  by  the  risk  of 
the  leakage  field  into  the  slot,  causing  eddy  currents  in  the  conductor. 
The  values  of  the  induction  in  the  air  space  which  appear  to  be 
adopted  in  current  practice,  and  as  indicated  in  the  paper  by  Professor 
Silvanus  Thompson  already  referred  to,  appear  to  be  not  very  far  from 
the  value  chosen  in  the  Congress  paper,  viz.,  about  6,000  to  8,500  lines 
per  centimetre. 

The  value  of  the  tooth  induction  coiAmonly  adopted  is  a  maximum 
of  20,000  to  22,000  lines  per  centimetre. 

Speaking  generally,  the  changes  which  can  be  made  have  the 
following  effect  : — 

Increase  of  core  induction,  slot  depth,  air  space  induction,  and 
tooth  induction  all  have  the  same  effect  upon  the  output  curve  of  the 
machine  as  increase  in  speed,  and  increase  in  slot  depth  produces 
by  far  the  most  conspicuous  change. 

The  iron  losses  decreasing  with  decrease  in  slot  depth,  a  point 
is  reached  when  the  slot  becomes  too  shallow  to  hold  the  wire, 
and  a  limit  is  reached  in  this  direction. 

If  the  wire  be  outside  the  slot,  the  risk  of  eddy  current  loss  must 
be  taken  into  account. 

Turning  now   to  the  value  A  ^n.    The  radiation  factor  is  sus- 
ceptible of  some  variation.    The  demand  for  enclosed  motors— which 
we  may  say,  in  passing,  does  not  seem  to  have  any  good  theoretical 
justification,  but  like  so  m^iv>j  d<im^.u^?» >«\v\Ocv  \vaN^  \i^cQme  common, 
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and  which  have  been  accepted  by  the  designers  of  machines  without 
sufficient  consideration  or  rt;sis;tance  to  outside  influence,  appears  to 
be  entirely  injurious— this  requirement  of  enclosure  of  the  motor, 
which  prevents  Circulation  of  air,  and  thus  prevents  tlie  armature 
from  getting  rid  of  its  heat  to  the  moving  air,  restricts  the  output  of 
the  machine  quite  unnecessarily.  Under  certain  circumstances  it  is 
necessary  to  protect  the  motor  from  moisture,  but  the  most  injurious 
kind  of  dust  v^^hich  can  lodge  on  an  armature  is  the  dust  from  the 
commutator  and  brushes.  A  good  hard  commutator  and  high  quahty 
of  carbon  brush  make  very  little  dust,  hut  a  certain  amount  of  wear 
on  the  carbon  brush  is  unavoidable,  and  the  carbon  dust  is  a  con- 
ductor! whereas  most  of  the  dust  floating  in  the  atmosphere  consists 
of  oxides,  silicates,  and  other  non-conducting  matter. 

Artificial  methods  of  ventilating  the  motor  shell  are  possible,  and 
in  cases  where  the  motor  must  be  protected  from  damp  may  be  found 
useful,  bat  the  best  way  of  procuring  a  circulation  of  atr  is,  where  it 
is  possible,  to  expose  the  motor  freely  to  the  atmosphere.  Ventilation 
of  the  cores  of  small  machines  is  an  expensive,  and  on  very  small 
machines  an  impracticable^  expedient. 

Turning  now  to  the  question  of  efficiency — 

This  may  be  considered  from  the  points  of  view  of  use  of  material, 
and  of  conversion  of  energy, 

•    Taking  the  use  of  material  first. 
If  we  insert  the  value  now  given  for  W,  the  total  watts  of  the 
macbinej  in  the  value  of  K  (see  Appendix  HI*),  we  get— 

K  5^  ergs  per  second  per  cubic  centimetre  per  second  x  lo? 


k 


_     VA,„QS^Xio-^ 


which  brings  out  very  clearly  the   importance  of  the  cross-sectional 
area  of  the  copper  on  the  machine. 

y  S^  Ls  this  factor. 

The  energy  per  cubic  centimetre  of  the  active  belt  is  proportional 
to  the  square  root  of  this  value,  and  inversely  proportional  to  the 
squaie  root  of  the  length  of  each  turn  and  to  the  depth  of  the  slot. 

The  author  has  for  some  time  been  using  the  method  of  considera- 
tion first  published,  so  far  as  he  is  aware,  by  Mr.  Henry  M*  Hobart 
in  his  paper  in  Traction  and  Transmission  in  October^  1902,  in  which 
he  lays  great  stress  upon  the  importance  of  a  high  value  for  the  cross- 
sectional  area  of  copper  in  the  active  belt  (Q  Sx), 

While  admitting  to  the  full  the  truth  of  Mr,  Hobart*s  remarks  on 
this  point,  it  must  not  be  forgotten  that  the  insulation  of  armature 
conductoria  has  to  be  considered  as  a  question  of  mechanical  clearance 
and  protection  as  well  as  of  specific  insulation,  so  that  it  is  conceivable 
that  a  high  value  of  Q  would  result  in  greater  risk  of  breakdown  £rom 
the  armature  conductors  coming  into  contact  with  one  another  in 
handling.  This  is  a  point  which  can  only  be  settled  by  experience, 
and  the  arguments  used  in  favour  of  multiple  covfitm^?*  oxv  c-afc\^'^ 
apply  with  still  gre;^ter  force  to   armatures,  ix.i  \i\al  ^  c^nhs^Xxv?^  ""^^ 
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maay  layers  of  a  lower  specific  insulation  is  belter  than  a  Covering 
of  one  layer  of  higher  specific  insulation.  This  accounts  for  the 
practice  of  coffering  armature  conductors  with  several  layers  of  tape, 
aiid^  in  addition,  insulating  the  slot  itself  by  means  of  paper,  or  binding 
paper  to  the  conductors  themselves.  The  use  of  a  comparatively  thick 
layer  of  paper  is  much  more  effective  and  safer  than  of  a  thinner  layer 
of  mica,  w  hie  It,  thouj^h  of  a  much  higher  insulating  property  is  much 
more  hable  to  mechanical  damage. 

The  efficiency  of  conversion  of  energy  is  the  ratio  between- 
Total  watts  generated  less  watts  lost  hi  machine 
Total  watts  generated  plus  watts  lost  in  iron 


Fig.  4. 


Here  again  the  importance  of  keeping  down  the  ii'on  loss  is  clearly 
brought  outj  and  the  diagrams  show  the  great  importance  of  this  factor 
in  a  small  machine. 

Figs.  1,2,  and  3  summarise  the  argument  of  this  paper.  Tbey  contain 
five  curves,  and  have  reference  to  a  machine  the  carcase  of  which  is 
shown  in  longitudinal  and  in  cross  section  in  Fig.  4*  Curve  No.  i  (Fig.  3) 
represents  the  total  watts  generated  in  the  armature^  which  is  25*4 
centimetres  in  diameter,  io"i6  centimetres  long,  with  a  slot  depth 
of  about  2*38  centimetres,  and  was  run  at  a  speed  of  r,ooo  revs,  per 
minute,  giving  an  output  of  4,600  watts,  wnth  a  temperature  risa  of 
about  70*^  Falin  above  the  temperature  of  the  surrounding  air* 

Curve   No,   2    represents  the  total   watts  generated   by  a  similar 
armature  with  a  slot  r6  centimetres  deep,  which  was  run  at  the 
speed  and  gave  approxitnately  the  same  output. 

Curves  Nos.    lA  and  2 A  represent  the  calculated  outputs  of 
anjiiitureSj  respectively  with  the  same  windings  as  1  and  2  but  with 
no  slots,  i.e. J  smooth  cores  vivt\v  dV^ei^ul  dt^Vfe.'s.  o^  mwi\ti.%f 


saii2^_ 

t%v^^ 
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S Curve  No.  3  is  the  approximate  envelope  of  all  possible  curves  of 
.._put  for  this  carcase.  This  curve  may  be  slightly  varied  by  variation 
in  the  inductions,  but  within  practical  limits  it  is  not  subject  to  much 
variation^  and  shows  the  maximum  output  obtainable  from  the  carcase 
at  all  speeds* 

The  magnet  winding  and  air  space  induction  are  the  same  in  all  the 
cases, 

A  study  of  this  diagram  will  throw  considerable  light  on  the 
problem  of  estimating  the  possible  output  from  any  carcase,  and 
also  upon  the  probable  effect  of  speed  of  rotation  on  the  output 
of  any  given  machine  carcase.  It  will  be  evident  that  as  the  iron 
losses  become  less  important,  as  they  do  in  the  larger  sizesj  the 
envelope  will  tend  to  become  fuller  in  form,  and  as  the  speed  of 
the  larger  sizes  of  machines  is  limited  by  the  strength  of  the  material, 
the  rate  of  rotation  is  reduced,  the  upper  part  of  the  curve  becomes 
of  less  importance,  and  the  lower  part  of  the  curve  approaches  more 
and  more  nearly  to  the  straight  line,  which  is  consistent  with  the 
experience  that  on  the  larger  sizes  the  watts  generated  are  nearly 
directly  proportional  to  the  speed  of  rotation. 


SYMBOLS   USED   IN  APPENDICES- 

B,j  :=  Induction  in  air  space  in  c.g.s,  lines  per  centimetre. 

f=  Induction  in  core,  lines  per  square  centimetre, 
=  Induction  in  teeth  in  cgnS.  lines  per  centimetre. 
^  Total  current  in  amperes. 
^  -  Total  E>M.F".  of  armature  in  volts, 

G  =  Sections  in  commutator. 
'  ^  =  Diameter  of  core  measured  to  the  middle  of  the  active  belt,  in  eenti- 
metres, 

^i  -  Internal  diameter  of  core  discs  in  centimetres. 

^4  -  Diameter  cjf  core  to  bottom  of  teeth,  in  centimetres. 

D  —  Diameter  of  core  overall,  in  centimetres, 

^  —  Length  of  core  in  centimetres, 

^  -  Armature  turns  per  section  of  commutator, 

^    =  Revolutions  per  second. 
P    —  Paths  through  armature. 
^  =  Numt>er  of  poles  in  the  machine. 
^   _  Copper  area  in  slot 

Area  of  slot 
S    ==  Depth  of  slot  in  centimetres. 
S^  =  Area  in  centimetres  of  i  slot  x  number  of  slots. 
Pole  surface  x  P 


ttDL 
i=  Ratio  of  ^^-. 


Iron  in  core 


total  cubic  content  of  core 


APPENDIX   r. 
^'ormulas  and  constants  for  determining  core  and  tooth  losses  : — 

Hysteresis  and  Eddies  in  the  Core. 

Ai  n  ^  weight  of  core  discs  in  lbs.  x  B^  '^^  X  periodicity  X  3*25  x  jo^^ 

ISTeight  of  core  discs  =  -0168  >►  -  (rf/  —  dc)  L, 
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Weight  of  one  cubic  cm.  of  iron  =  '0168  lbs. 
B  --     ^«^_?L^_ 

Periodicity  =  — . 

Hysteresis  in  Teeth. 
A„  n  =  weight  of  teeth  x  B/'*^  x  periodicity  x  1*85  x  lo-*. 

Eddies  in  Teeth. 
A,„  n  =  weight  of  teeth  x  B/»  >^  (^)'  ^  3'^"^  ^  ^^"" 

Weight  of  teeth  is  derived  from — 
Belt  volume  =  ir  (PV  -  t  P  ""  ^  ^V  =  ir  S  (D  -  S). 
Total  width  of  teeth  at  bottom  =  ^j^JlJ?  --  '^ -j?^^-. 

Total  width  of  slots  =  ir  f  D  —  2  s  —  ^^^-^V 
\  B,^  / 

Volume  of  slots  =  S^L  =  LirsfD  —  2s  —  ?^-V 

\  B^jy/ 

Vol.  of  teeth  =:Lr7rs(D-S)-(D-2s-^)1  =  L7rs(s  +  ^]. 
Weight  of  teeth  =  -0168 ^^  L  tt  s  (s  +  ^). 

APPENDIX   II. 

These  constants  are  believed  to  be  reasonably  accurate,  but  they 
have  to  be  carefully  checked  by  actual  results  for  various  types  of 
carcase. 

Formulae  and  constants  for  determining  radiation  from  the  surface 
of  the  core  only  for  a  rise  of  70°  Fahrenheit,  above  an  atmospheric 
temperature  of  70°  Fahrenheit : — 

Partially  enclosed  Armatures,  without  ventilating  spaces. 
Av  v/  «  =  watts  radiated  from  core  surface  =  tt  D  L  x  '0073  x  ^/tt  D  ". 

Open  Machines,  Armatures,  with  ventilating  spaces. 
Av  s/  /i  =  T  D  L  X  '0152  x  v^  TT  D  w. 

Open  Machines,  Armatures,  without  ventilating  spaces. 

Av  s/  «    =  TT  D  L   X    'OI    X    s/  TT  D  //. 

Totally  enclosed  Machines. 

« 

Av  s/~n  =  TT  D  L  X  •cx>73  x  s/  ir  I>  n  lo^  c^''  \\%^, 
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Formula  and  cotistants  for  determiiimg  radiation  from  the  whole 
surface  of  core  and  end  winding  for  a  rbc  of  70''  Fahrenheit,  above  an 
atmospheric  temperature  of  70'  Fahreoheit  : — 

Partially  enclosed  Armatures  without  ventilating  spaces. 
Ays/  n  =  wD  yL  +  -p- )  X  '00565  ^/  wDn* 

Open  Machines,  Armatures,  with  ventilating  spaces. 
A^  1/  H  ^  3r  D  ( L  H-  ^  J  X  'oi  ^/  IT  D  «, 

Open  Machines,  Armaturei;,  without  ventilating  spaces. 
Ay  V  H  =  ?r  D  ^L  +  "p  j  X  'O08  ^  wDn* 

Totally  enclosed  Machines, 
A^  v^  K  ^  JT  D  ( L  +    i_rj  X  "00565  ^  ttD  n^  forgo"  rise. 


I 
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Forruulie  and  constants  for  determining  winding  data  r — 

Length  of  end  winding  =  ^  ^  v^T+^  =  ^P^- 

I  4  P 

Length  of  one  turn  complete  ^  2  L  +  — w^ 

Resistance  of  one  turn  ^  [2  L  +  ^^4^ J  L^LSf  ^  2  K  10^, 

Co£P^rarea  _       ^^^  ^^  ^^^j^  conductor  =  0%. 
Slot  area  2  mi  G 


I  Specific  resistance  of  copper  at  ijo""  F  taken  at  *2  x  10^* 
'Weight  of  copper  on  armature  ^  V^  {2  L  +      ^^J  'O194. 
*  A„„  =  watts  lost  in  1  _/C VV^  ^  +  ^^)  ^-^  x  2  X  ,0^  X  m  G 
I  Winding  \      \p/  \  P    /  y  S„ 


,     GmC_  *J  A^t„  X  V  Q  Sy  x  500 

P     ~         ^  gL  +  P744 
P 

land  EC=^ii^  xirDLxB^^X  lo"*  x  2  x  «, 

? 


*  Where  the  output  is  calculated  froin  the  radiation  from  cone  onJy, 
[only. 


ubslitute  2  L  ff>r  2  L  +  — ^^  in  value  of  A|(,f  for  watts  lost  in  slot  winding 
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\Vci|i{hl  of  one  cubic  cm.  of  iron  =  '0168  lbs. 

Periodicity  =  — . 

Hysteresis  in  Tef 
A„  n  =  \vci|iiht  of  teeth  X  B/»'^  x  periodi- 


Eddies  ix  '\ 
A,„  ;/  =  weight  of  teeth  X  B/»  x  (     ' 

Weight  of  tectl 
Belt  volume  =  ir  (^V  —  sr  (^^  " 
Total  width  of  teeth  at  botl-  .cr 

Total  width  of  slots  =  ir  {^^ 
Volume  of  slots  =  S^  I 
VoLofteethssLfTT^:   ' 
Weight  of  teeth  =  •. 


.■:--iiii;  lield 

.  ;c  will  be  one 

:■  motor  is  a  miixi- 

.-..iiurc  rise.     I  under- 

.  tl  inolors  on  the  market 

:iol  ;idjustcd  to  run  at  this 

•ii^h  this  speed  may  be  quite 

luld  be  a  basis  for  very  careful 


\\t  pointed  out  that  the  ergs  per 

.:  unit  velocity  in  unit  field  was  very 

.     As  soon  as  I  saw  this  expression  it 

•cr  cm'  at  unit  velocity  in  field  of  unit 

.  TTTof  the  same  dimensions  as  current 

...vrated  this  somewhat  in  his  discussion 

.  rtfer  to  the  matter  again  here  ? 

^  .:iic  of  work)  are  ...        ML*  T"* 

.  joDi*  L  T~' 

:wt*i>ity  of  magnetic  field  ...  M*  L~*  T"' 

,-r«nt  (electro-magnetic)...  M*  L*    T~' 

V.  --^r  r^*r  unit  velocity  in  field  of  unit  intcnsit)' 
^  .•i:!v'i:>ions— 

1  -^    <yr'  T)  (M-iL*  T)  =  M*  L-'  T^'. 
,^.   >  M'  L^  T-0  (L-'')  =  M4  L-3  T-^ 
^   X  ii'Other  light — One  conductor  on  the  peripher}' 
^ .  .!<  '.i  field  of  unit  intensity  at  unit  velocity  has  unit 
^  :  At  unit  length.     If  L  be  the  length  of  the  con- 
.^:    *i  O.  tho  total  number  of  conductors  on  the  arma- 
^  4..  ■.•:  5  >vnibols),  if  A  be  the  area  per  wire  and  I  the 
.^  .  ;7.o  power  manifested  in  the  active  belt  will  be 
"^     ^  .  /:.:::ic  of  copper  in  active  belt. 
^    ,   -o:vi"  in  active  bejt^  we  may  write  the  watts  manifested 

. ,.  o£  .iciive  belt 
w  W-*  i>:  oportional  to  5  7  X  volume  of  active  belt.    Hence 
**     ,.^  ^  .^  ;*-:at  I-  7  is  practically  a  constant  for  all  dynamos. 
•*•"*   *^  ^.  ^vvuuowiov  VC  otvv^^^  ^^6•   I  puzzled  for  a  consider- 
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carcase. 

Formu'- 
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'-AS  too  lazy  to  read  through  Appendix  III.  In  any  case,  this  formula  Mi-^  i-^i«i* 
docs  not  agree  with  that  in  Appendix  IIL  This  formula  simply  says 
W=E  C  in  a  rather  involved  manner.  W==  current  per  turn  X  E.M.F. 
per  turn  X  number  of  turns,  and  this  is  independent  of  whether  the 
armature  is  series^  or  parallel  wonnd.  If  C  ss  current  per  turn,  R  =  res. 
per  turn,     C'RmG^  A,,,,,  or  C  =s  v'A.m  /  s/RTi^G. 


IT  D  L  Brt  X  n  io~*. 


tS.M.F.  per  turn  ^  3 


V^QS^  X  ^  D L B„  .V  n  lo" 

V2  L  +  D734 
P 


^Ib 


I  think  the  usual  procedure  in  designing  a  dynamo  is  to  fix  on  a 
cuiTent  density  (determined  by  previous  experience),  and  by  trial  and 
error  determine  the  number  of  turns  per  coil  and  wires  per  slot;  this 
being  to  a  large  extent  settled  by  the  permissible  reactance  voltage  per 
slot,  and  from  that  basis  to  arrive  at  ttie  number  and  shape  of  slots, 
Mr,  Ma vor  rather  indicates  the  reverse  procedure  ;  he  considers  a  given 
ircasc — at  each  speed  only  a  definite  number  of  watts  may  be  dissi- 
pated in  the  arniaturCj  provided  the  temperature  rise  of  the  same  is 
limited.  Now,  determine  the  total  iron  losses  at  the  particular  speed, 
deduct  these  from  the  total  permissible  loss,  and  the  result  is  the  per* 
missible  copper  loss.  This  settles  then  the  output  of  the  generator* 
I  do  not  think  that  this  can  form  a  good  basis  of  calculation^  because 
one  cannot  calculate  a  machine  from  one  point  of  view  alone.  The 
best  machine  from  one  point  of  view  may  be  the  worst  from  others  ; 
the  design  of  such  a  machine  is  always  a  compromise  between  different 
conflicting  requirements.  We  must  consider  at  the  same  time  heating 
of  armature^  due  to  itself  and  due  to  the  neighbourhood  of  the  field 
coils,  the  reactance  voltage,  total  reaction,  total  copper  on  field  magnet, 
mechanical  considerations,  etc.,  etc.  All  these  considerations  are 
inextricably  entangled,  as  stated,  one  cannot  design  a  machine  from  one 
point  of  view  alone  ;  it  is  always  a  case  of  compromise. 

It  seems  to  me  that  in  designing  a  sniail  machine  the  dimensions  of 
e  slot  to  a  large  extent  settle  themselves  automatically.  The  turns 
per  coil  cannot  be  very  smoothly  graduated  ;  wc  shall  have,  say,  4,  6,  or 
8,  We  prefer  to  choose  a  number  which  has  convenient  submultiples, 
so  that  the  windings  may  be  put  in  parallel  for  submultiples  of  the 
voltage,  If  4  turns  were  unsuitable,  we  should  take  a  jump  straight 
away  of  50  per  cent.,  and  go  up  to  6  turns,  or  of  100  per  cent.>  and  go  to 
8  turns.  Which  of  these  coils  we  adopt  will  be  largely  determined 
by  the  reactance  voltage  allowed  {i*€.,  commutation  troubles).  The 
arrangement  of  the  wires  in  the  slot  will  be  largely  settled  by  the  con- 
venience of  winding  the  coils  ;  the  wire  is  round,  and  thus  the  dimen- 
sions of  the  slot  gradually  take  shape.  I  do  not  say  that  no  choice  is 
left ;  it  is  possible  to  group  more  or  less  coils  in  one  slot,  and  then  to 
vary  the  number  of  turns  per  coil  and  number  of  slots  ;  but  there  are, 
as  a  rule,  not  many  alternatives  open  ;  we  can  only  go  in  jumps,  and 
it  is  usually  either  one  thing  or  the  other* 
Vol.  32,  ^ 
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Mr.  Field.  ^j^.  Mavor  draws  attention  to  the  question  of  space  factor.    It  is 

obvious  that  if  we  can  get  5  per  cent,  more  area  of  copper  on  a  given 
armature  without  altering  the  iron  dimensions,  we  can  take  2^  per  cent, 
more  load  from  the  machine  with  the  same  temperature  rise.  The 
space  factor,  or  what  Mr.  Mavor  has  called  Q,  is  a  very  important  one. 
By  grouping  the  coils  together  in  one  slot  we  naturally  save  room  in 
insulation  and  increase  this  factor. 

The  old  line  of  traction  motors  designed  by  the  G.  E.  Co.  compared 
with  the  newer  types  are  interesting — 


OLD   LIXE. 

NEW   LINE. 

G.E.    800    27  H.P. 

105  slots. 

G.E.  52 

27  H.P.     29  slots. 

G.E.  1000    35  H.P. 

93        n 

G.E.  58 

37  H.P.    33    „ 

G.E.  57 

37  H.P.    33    » 

G.E.  51 

80  H.P.    37    „ 

G.E.  67 

40  H.P.    51    „ 

I  want  now  to  say  a  few  words  re  the  curves  Mr.  Mavor  has  pub- 
lished.    He  tells  us,  in  the  first  place,  that  the  heat   which  can  be 
radiated  from  an  armature  is  directly  proportional  to  y/n,  and  in  his 
curves  he  has  apparently  applied  this  empirical  formula  throughout  the 
whole  range  of  speed  ;  in  iact,  down  to  w  =  O.    Of  course,  if  «  =  0, 
one  can  still  absorb  qtite  an  appreciable  amount  of  power  in  the 
armature  without  the  temperature  rising  above  the  given  limit  (say, 
70°  Fahr.  rise).     I  would  suggest  that  this  formula  be  more  accurately 
expressed   as  a-^  fi  y/n,  a  being  the  permissible  loss  if  the  armature 
be  stationary,  /3  >//;  the  permissible  excess  loss  due  to  the  cooling  effects 
of  the  rotation.    Again,    Mr.   Mavor   takes  the  hysteresis  and  eddy 
current  loss  in  the  body  of  the  core,  as  A,  n,  and  in  the  teeth,  as  A,, «  + 
A,„  «'.     Eddy  current  loss  is  always  proportional  to  the  square,  and 
hysteresis  to  the  first  power  of  the  periodicity.     Now,  the  eddy  current 
loss  is  proportional  to  the  weight  of  iron  and  the  square  of  the  induc- 
tion ;  hence  it  seems  to  me  that  the  eddy  loss  in  body  of  the  core  is 
equally  important  as  that  in  the  teeth,  unless  anything  special  occurs 
in  the  teeth.     If  the  formulae  given  by  Mr.  Mavor  really  agree  with 
practice,  it  seems  as  if  something  special  in  the  way  of  eddy  currents 
must  occur  in  the  teeth,  and  I  suggest  that  this  may  occur  in  their  top 
and  side  surfaces.     Perhaps  Mr.  Mavor  will  give  us  further  information 
on  this  point.     Does  he  turn  the  outside  periphery,  file  the  slots,  and 
afterwards  pull  the    plates  apart,  take  off  the  burrs,  and  anneal  the 
plates  ?     Or  what  is  the  procedure  ? 

With  regard  to  the  curves  of  maximum  output,  it  is  evident  that  if 
the  armature  be  open-circuited  and  the  speed  of  the  generator  be 
gradually  increased,  a  point  will  be  reached  where  the  iron  loss  alone 
equals  the  permissible  Armature  loss,  and  this  will  be  the  dpper  limit 
of  speed,  the  output  being  zero.  This  speed  is  determined  by  the 
equation :  a-h  ^  y/n  =An-\-B  ;j',  provided  the  permissible  loss  can 
be  expressed  by  the  exptc^^AOw  oxv  tVv^  left,  and  that  on  the  right 
represents  total  iron  loss. 
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Again^  ifthe  iirmature  be  short-circuitud  at  a  certain  speed,  very  Mr.  Fie 
ne^iriy  zero,  Mie  C"R  loss  will  be  equal  to  a,  iind  this  may  be  taken  as 
the    lower  limit,    the    output    again 
being    zero.      Between   these   limits 
the  output  rises  to  a  maxim uui,  and 
theji  decreases,  as  in  Fig,  4. 

But  it  does  not  pass  through  zero. 
The  iron  loss  and  radiation  curves 
should  again  be  as  I  have  shown,  not 
as  in  Mr.  Mavor*s  diagram. 

Lastly,  the  question  of  enclosed 
motors.  1  am  very  glad  this  has  come 
up.  Two  or  three  years  ago  some 
of  the  leading  firms  were  standardis- 
ing enclosed  motors.  What  they  did 
was  this.  They  took,  say,  a  20  H.P, 
open  motor»  and  rated  it  as  a  15  or 

10  H.P.  enclosed,  withcnt  any  attempt  to  modify  the  design  Thisj  of 
course,  was  absurd,  as  the  proportion  of  iron  to  copper  losses  could  not 
be  the  best  in  each  case. 


Watts, 


Fiu.  4. 


If  V  C  ^=  input  of  motor, 

If       ^^  hxed  losses  due  to  iron,  friction,  excitation,  etc., 

T  0=  ^^  variable  losses, 

n       ^s  efficiency, 

VC  —  <?  —  rCa  tf  rC 

1  hen  ^  ^ 


VC 
dC 


VC 


and    T7.=  vQ.- 


r 
V' 


^Prhe  efficiency  wiU  be  a  raaximum  when  j^^  o^  or  when  ^  :=  r  C%  or 

the  fixed  and  variable  losses  are  equal  in  amount.     This,  of  course,  is 
well  known. 

KNoWj  if  a  20  H.P.  motor  be  designed  for  highest  efficiency  at  full 
oad,  it  will  be  manifestly  very  poor  pohcy  to  turn  it  into  an  enclosed 
motor  and  rate  it  down.  By  re-designing  it,  decreasing  the  iron  losses, 
^^and  increasing  the  C-'R,  we  coiiJd  get  a  much  better  efficiency  as  an 
^■enclosed  motor.  If  you  ejiclose  a  motor  you  must  re -design  it.  In  the 
same  way,  if  one  designs  a  transformer  for  natural  coolings  then  applies 
the  air  blast  and  rates  it  up,  one  does  not  get  the  best  result  :  it  should 
be  re-designed.  This  whole  problem  is  very  interesting.  If  one  wants 
to  sell  a  machine  cheap  one  should  make  the  maximum  efficiency  at 
fall  load,  because  the  full  load  loss  will  be  smaller  than  if  the  maximum 
efficiency  occurred  at  any  other  load,  and  hence  for  given  heating  full 
load  can  be  rated  high.  It  does  fiot  follow  that  this  will  be  the  best 
motor  from  the  consumer's  point  of  view;  it  may  have  to  run  light 
for  a  large  portion  of  the  time,  in  which  case  it  w^ould  have  been  better 
to  have  a  motor  which  had  smaller  i^XGd  losses,  or  maximum  efficiency 
at  something  less  than  full  load.  In  such  a  case  the  heating  effect  at 
full  load  would  be  higher,  and  if  the  saoie  specification  wer€  abided  by 


438 


MAYOR  :  THE   DESIGN   OF 


bill  woti^H 
Mr,  FiilH 


.  Field.       it  would  me^in  a  larger  motor  j  but  the  cousunier*s  current  bill  woi 

be  less, 
,  Kcr.  Mr,  W,  Arthur   KeKj   Assoc,   M.  Inst.  C.E,,  said  that   Mr,  ¥h 

had  put  forward  the  opinion  that  for  a  maker  of  an  open-type 
motor  to  ptit  covers  upon  it  and  call  it  an  enclosed  motor  at 
a  lower  rating  was  not  good  practice,  Mr.  Field  said  that  the 
designer  should  endeavour,  for  maidmuni  efficiency  of  a  commercial 
machine,  to  make  eddy  current  and  hysteresis  losses  approximately 
equal  to  the  copper  losses ;  but  by  enclosing  an  open  machine*  and 
running  at  a  lower  amperage^  the  copper  losses  were  considerably 
reduced,  while  the  cere  losses  remained  as  before,  and  therefore 
on  hght  loads  the  machine  was  very  inefficient.  The  speaker  stated 
in  reference  to  this  that  it  was  the  practice  of  his  company  and 
several  others  to  enclose  their  ordinary  opcn-tj'^pc  machiuej  and  run  it 
at  a  lower  rating  and  at  a  lower  speed.  This  was  the  simplest  way 
of  obtaining  the  result  desired  by  Mr.  Field.  At  the  lirst  glance  one 
would  say  that  by  doing  this  one  would  reduce  the  core  losses  slightly 
on  account  of  the  lower  speed ;  but  that  the  reduction  would  not  be 
comparable  to  that  of  the  copper  loss  due  to  the  lower  rating.  The 
benefit  of  the  lower  speed,  however,  is  much  more  than  this.  The  out- 
fc  put  of  a  machine,  except  in  v^ery  small  si^es,  is  usually  limited  by  the 
reactance  voltage.  By  reducing  the  speed  fromi  say,  i^ooo  revolutions 
as  an  open  motor  to  900  revolutions  as  an  enclosed  motor,  the  periodicity 
is  reduced  sufhcvently  to  permit  (taking  account  of  the  smaller  current) 
au  addition  of  at  least  one  armature  turn  to  each  commutator  section^ 
with  the  same  reactance  voltage.  This  means  that  the  total  length  of 
copper  on  the  armature  is  increased,  while  the  cross  section  is  reduced, 
and  the  copper  watts  become  approximately  equal  to  tlie  core  losses. 
This  appears  to  be  quite  the  simplest  method  of  meeting  the  case,  and 
from  tests  of  a  large  number  of  machines  made,  both  open  and  enclosed, 
using  the  sjime  carcases^  the  efficiency  of  the  enclosed  machines  is 
within  2  per  cent  of  that  of  the  open  type.  This  is  a  very  small  penalty 
to  pay  for  the  advantage  of  having  a  machine  which  is  protected  by  solid 
iron  cases  from  any  chance  of  injury  due  to  falling  objects,  damp,  and 
dust.  In  a  well -designed  motor  ample  access  is  given  to  the  com- 
mutator and  brushes  in  order  to  remove  the  carbon  and  copper  dust 
which  in  the  course  of  time  accumulate  upon  them.  The  speaker 
therefore  cannot  agree  with  the  author  in  his  condemnation  of  the 
^-  enclosed  machine.     He  is  of  opinion,  however,  that  the  enclosed  venti- 

^H  lated  motor,  which  has  lately  become  fashionable,  is  most  objectionable, 
^m  If  it  really  complies  with  its  name  and  ventilates  efficiently  it  draws  all 
^m  the  dust  and  moisture-laden  air  in  the  neighbourhood  over  its  windings 

^H  and  commutator,  the  moisture  being  evaporated  and  the  dust  remaining 

^H  behind,  the  latter  being  practically  impossible  to  remove  without  dis- 

^m         mantling  the  machine. 

^B  The  author  states  that ''  it  is  customary  to  treat  the  eddy  currents 

^B        the  core  as  being  proportional  to  the  periodicity/*    This  is  not  the 

^"         speaker's  experience,  as  he  can  see  no  reason  for  treating  the  eddy 

current  losses  in  the  core  differently  from  those  in  the  teeth.     Usually 

these  losses  are  very  smaU,  but  tkot  *A^u^j^,   TV^  ^'^-^^t  Ua.s  recently 


n 
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had  the  design  of  a  machine  through  his  hands  running  at  3,000  revolu-  Mr. 
tions  per  minute  in  which  the  eddy  currents  were  considerably  in  excess 
of  the  hysteresis  losses.  The  author  states  that ''  the  radiation  of  heat 
from  the  armature  is  taken  as  proportional  to  the  square  root  of  the 
speed,  and  gives  a  diagram  showing  the  radiation  curve  starting  from 
the  origin  at  zero  speed,"  This  does  not  appear  to  be  the  case.  The 
cooling  of  the  armature  is  caused  by  (tirst)  radiation,  (secoi^d)  con- 
vection air  currents,  (third)  air  currents  caused  by  the  fanning  action  of 
the  core.  When  the  machine  is  standing  still  a  certain  amount  of  heat 
Is  dissipated  by  radiation  and  convection  currents^  the  cnrve  should 
therefore  tjegin  at  a  point  above  the  origin*  What  appears  to  be  really 
the  case  is^  that  the  heat  dissipated  is  equal  to  a  constant  multiplied  by 
an  expression  which  is  directly  proportioned  to  the  peripheral  speed. 

In  Appendix  II.  the  author  gives  a  formula  for  the  watts  radiated 
from  the  core  surface^  which  he  states  is  equal  to  the  surface  of  the 
core  X  a  constant  X  square  root  of  the  peripheral  speed  ;  but  this  does 
not  appear  to  be  the  case.  In  an  ordinary  centrifugal  fan  the  air 
discharged  is  directly  proportional  to  the  peripheral  speedy  and  an 
armature  (especially  if  fitted  with  ventilating  ducts)  should  follow  the 
same  natural  law.  In  that  case  the  heat  dissipated  by  air  currents 
should  be  proportional  to  the  air  discharged — that  is,  proportional  to 
the  peripheral  speed.  The  speaker  beheves  that  tliis  is  true.  He  has 
used,  for  a  considerable  time,  with  very  accurate  results  a  formula  put 
forv^^rd  by  Mr,  Kapp.  It  is  given  by  Mr*  Kapp  in  the  form  of  tempera- 
ture rise  for  a  given  surface,  watts  dissipated^  and  peripheral  speedy 
and  has  been  altered  to  give  watts  dissipated  and  English  uuitsj  and  is 
as  follows  :— 

W^atts  dissipated  at  70°  Fahr,  temperature  rise  ^  ^00023  X  surface 
of  core  (1970  +  peripheral  speed  in  feet  per  minute). 

It  is,  of  course,  empirical ;  but  for  small  and  mode  rate -sized 
macliines  has  proved  reliable ;  for  large  machines  the  rise  in  tem- 
perature is  generally  so  small  that  the  opportunity  of  verifying  the 
formula  in  these  cases  has  not  been  afforded.  The  meeting  might  be 
surprised  at  English  units  being  used  in  dynamo  calculations  at  lite 
present  day,  but  the  speaker  is  of  opinion  that  a  judicious  blending  of 
Ettglish  and  cg.s,  units  is  of  great  assistance  in  getting  out  designs* 
He  is  in  the  habit  of  expressing  all  areas  and  volumes  in  centimetres, 
and  all  lengths  in  inches,  the  reason  being  that  the  amp  ere -turns  per 
inch  length  in  air  is  (very  approximately)  equal  to  twice  the  number  of 
c.g.s,  lines  per  square  centimetre.  By  adopting  this  method,  and 
having  books  printed  giving  the  various  formulae  required  in  their 
regular  sequence,  spaces  being  left  for  the  insertion  of  figures  and 
noting  results,  there  is  no  reasonable  chance  of  error,  and  a  great  deal 
of  time  is  saved. 

The  author  states  that  the  tooth  inductance  commonly  used  is  a 
maximum  of  20,000  to  22,000  lines  per  square  centimetre.  That 
appears  to  be  rather  high,  the  ampere-turns  required  to  force  the 
lltix  through  the  teeth  being  excessive,  and  probably  a  density  of 
18,000  is  more  generally  satisfactory.  Many  desigacts*  "aie  'afe^ik\i^i3vvv&% 
the  hi^h  densities  in  the  teeth)  as  they  are  of  opm\oti  ^^1  ^  ^\3t^c:\feii^^1 
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Mr.  Kei.  "  stiff "  ficld  Can  be  obtained  without  this.  A  low  reactance  voltage  is 
evidently  the  most  important  requirement  for  sparkless  commutation, 
and  with  the  small  pohu:  angles  which  are  taken  by  many  designers  at 
present  (quite  unnecessarily  in  the  speaker's  opinion)  a  very  stiff  field 
is  not  required.  He  had  occasion  the  other  day  to  make  some  tests  on 
a  motor  which  had  a  very  "  strong  "  armature,  the  cross  ampere-tums 
under  pole  being  equal  to  the  ampere-turns  on  field  required  to  force 
the  flux  through  the  air  space.  By  means  of  a  resistance  in  the  shunt 
and  by  reducing  the  load  the  ampere-turns  on  the  field  were  reduced 
to  one-fifth  of  the  normal,  while  the  armature  current  was  kept  con- 
stant. Even  under  these  conditions  there  was  no  sparking  at  the 
brushes,  which  had  not  been  moved.  The  polar  angle  was  72  (4-pole 
motor),  but  why  the  machine  was  so  insensitive  the  speaker  could 
not  say.  The  experiment,  however,  indicates  that  very  heavy  induc- 
tions are  not  necessary  to  ensure  sparkless  running  if  the  reactance 
voltage  is  kept  low  (this  was  about  3i  volts  at  normal  speed).  The 
experiment  was  one  of  several  on  different  machines,  all  with  much  the 
same  result.  In  this  connection  he  would  be  glad  if  the  author  would 
inform  the  meeting  how  he  arrives  at  the  area  of  the  air  space. 
Glancing  through  the  formulae  in  the  appendices,  the  speaker  cannot 
see  that  one  included,  though  the  density  of  the  air  space  is  used  in  the 
formula  for  obtaining  the  density  in  the  core,  and  from  the  value  of 
the  symbol  x  (which  is  included  in  the  same  formula),  the  area  of  the 
air  space  appears  to  be  taken  as  that  of  the  poles.  This  cannot  be 
the  real  air  space  area,  and  it  would  be  of  help  if  the  author  would 
give  the  formula  he  uses. 

The  speaker  said  that  in  the  formula  in  Appendix  III.  for  obtaining 
the  length  of  end  winding  no  allowance  was  made  for  different 
numbers  of  slots.  As  a  matter  of  fact,  the  length  necessary  is  very 
much  affected  by  the  number  of  slots  and  the  ratio  of  slot  width  to 
width  of  tooth.  In  machines  with  two  or  more  coils  per  slot  (in  which 
direction  modern  design  for  small  machines,  and  the  paper  deals  with 
small  machines  only,  tends)  the  end  winding  can  be  much  shorter  than 
with  machines  having  one  coil  per  slot,  as  practically  the  same  thick- 
ness of  insulation  serves  for  two  coils  in  place  of  one,  and  the  angle  of 
the  double  helical-formed  coils  can  be  much  acuter.  The  depth  avail- 
able for  the  outer  ends  of  the  coils  also  affects  the  length  necessary, 
but  no  provision  is  made  for  this  in  the  formula. 

The  author  expressed  the  opinion  that  *' ventilation  of  the  cores 
of  small  machines  is  an  expensive  and,  on  very  small  machines,  an 
impracticable  expedient."  This  the  speaker  considered  to  be  only 
partially  correct.  If  the  author  is  in  the  habit  of  milling  the  slots 
in  the  core,  the  ventilating  ducts  must  prove  a  difficulty ;  but  if  the 
slots  are  notched  in  a  stamping  press  the  extra  cost  of  stamping  air 
ducts  in  the  plates  of  small  machines  (in  large  machines  the  spider  is 
provided  with  longitudinal  ducts)  is  very  slight,  and,  in  fact,  the  stampers 
who  supply  the  trade  do  not  charge  extra  for  this.  The  cost  of  distance 
pieces  to  keep  the  plates  apart  at  the  ducts  is  only  a  matter  of  a  few 
pence  per  machine.  TVvc  ^^imV^^  \vaNm^  ducts  is  so  great,  increasing 
the  cooling  surface  by  'an  amomAV  ^u^vi^\  \.q  ^^^c  -a.^^*^  vi.1  ^-SLOcvix^^  <it  each 
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duct,  that  the  cost  of  the  ducts  is  covered  many  times  over  by  the  extra  Mr-  Ker. 
output  obtainable  with  the  same  temperature  rise.  The  speaker  uses 
air  ducts  iu  all  armatures  from  7'inch  diameter  upwards ;  under  7  inches 
diameter  it  is  impossible  to  fmd  space  for  the  longitudinal  ducts.  He 
has  listened  with  much  pleasure  to  the  paper,  and  the  impression  tie 
has  gained  is  that  the  trend  ol  it  is  this,  that  if  you  have  a  fast  running 
machine  it  is  best  to  have  a  shallow  slot,  and  keep  the  iron  losses  down  ; 
and  this  is  possiblCj  because  a  high  speed  requires  few  armature  con- 
ductors^ therefore  less  slot  volume  is  required  for  copper  and  insulatiou*  • 
With  a  low  speed  a  deep  slot  must  be  used,  as  many  armature  con- 
ductors and  much  insulation  are  required. 


Discussion  Continued,  Dfxembkr  9,  1902, 


KMr,  W,  B,  HiRD  said  that  his  name  had  been  mentioned  in 
nnection  with  certain  of  the  formulae  in  the  paper,  more  especially  in 
conaectioQ  with  Mr  Field's  remarks  regarding  them.  There  were  t\vo 
points  which  Mr.  Field  had  criticised.  The  first  was  that  the  formula 
Watts  radiated  =1  a  ^t}  should  be  «  +  /?  s/n^  Mr.  Hird  contended  that 
both  formulae  being  empirical  and  the  value  of  the  coustants  having  to 
be  determined  as  the  average  of  a  number  of  experimental  results,  it 
was  within  ordinary  Umits  of  speed,  say  1,000  to  300  revs.,  possible  to 
find  a  value  of  a  which  in  the  first  formula  gave  results  quite  as  nearly 
in  agreement  as  did  any  values  for  a  and  /3  in  the  second  formula,  whilst 
the  simplifying  of  the  equations  was  greatly  in  favour  of  the  first 
formula.  It  was  of  course  quite  true  that  for  speeds  either  above  or 
below  a  certain  limit  the  lirst  formula  did  not  represent  the  facts, 
Mr.  Kerr  wished  to  substitute  "  n  "  for  the  s/n  in  the  formula  a-\-  ^  s/n. 
In  Mr.  Bird's  experience  this  would  give  calculated  values  of  radiation 
at  high  speeds  much  in  excess  of  the  truth.  The  second  point  raised 
was  that  eddies  in  the  core  should  vary  as  n^j  not  as  n  :  certainly  eddies 
vary  as  the  square  of  the  speedy  but  except  at  very  high  speeds  the 
eddies  in  the  core  are  unimportant  compared  to  hysteresis  and  teeth 
losses  J  and  therefore  the  error  caused  by  treating  the  core  eddies  as  a 
percentage  of  the  core  hysteresis  is  only  small.  On  the  other  hand  the 
high  complexity  of  the  flux  distribution  in  the  core  makes  it  very 
difficult  to  estimate  the  value  of  the  coefficient  if  the  eddies  are  treated^ 
as  strictly  speaking  they  should  be,  as  equal  to  aWB^u^.  Mr,  Field 
pointed  out  that  the  ergs  per  cubic  centimetre  of  active  belt  at  unit 
speed  and  with  unit  magnetic  flux  is  equal  to  current  density  per  square 
centimetre  of  belt  area,  and  said  that  it  w^as,  therefore,  not  remarkable 
that  the  ergs  should  work  out  approximately  equal  in  different  designSj 
as  this  only  meant  that  different  designers  worked  at  about  the  same 
current  density.  It  is,  however,  not  the  current  density  in  the  copper 
which  must  be  kept  the  same,  but  the  current  density  in  the  copper 
multiplied  by  Q,  and  it  is  somewhat  remarkable  that  as  the  value  of  Q  is 
altered  the  current  density  in  the  copper  should  alter  in  inverse  ratio  so 
as  to  keep  the  product  constant. 

But  his  chief  object,  however^  was  to  point  o\it  thai  t\i^  N^\5a  cA  ^'a 
paper  appenred  to  hsm  to  be  quite  independent  oi  l\\e^  (\v\^'=iV\Q»'ft,'5>.  "^^^^ 


Mr,  Hln 


McWhirter. 
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Mr.  Hird  curves  drawn  on  the  board  and  given  in  Fig.  2  seemed  to  him  to  be 
the  important  thing ;  the  principle  that  this  graphical  method  should  be 
adopted  for  determining  the  best  speed  at  which  a  machine  should  be 
run,  or  if  the  speed  were  fixed  the  best  depth  of  slot  to  be  used,  is 
entirely  independent  of  the  particular  form  of  formulae  used.  Ewry 
designer  must  have  some  formulae,  some  method  of  determining  the 
iron  losses  and  the  watts  radiated.  If  a  designer  preferred  his  own 
formulae  to  those  given  in  the  paper,  let  him  use  them  in  the  manner 
indicated,  and  instead  of  merely  knowing  in  a  vague  way  that  if  the 
speed  gets  very  high  the  iron  losses  will  equal  the  possible  radiation 
and  the  permissible  copper  loss  will  become  zero,  and  he  will  therefore 
get  no  output,  let  him  plot  the  curves  shown,  using  his  own  formulae, 
and  find  out  exactly  at  what  speed  this  happens.  It  was,  of  course, 
perfectly  true,  as  Mr.  Field  had  pointed  out,  that  this  did  not  completely 
design  the  djmamo.  It  did  not  enable  them  to  get  a  round  wire  into  a 
square  slot  which  it  would  not  fit  to  any  advantage,  and  they  still  had 
to  begin  by  finding  a  suitable  slot  and  wire  to  fit  one  another  ;  but  the 
curves  were  a  valuable  indication  of  the  direction  in  which  they  should 
work  in  looking  for  a  suitable  slot. 

Mr.  Mr.  Wm.  McWhirter  said  it  was  refreshing  to  see  that  there  was 

still  something  worth  discussing  in  the  design  of  C.C.  dynamos.  Some 
years  ago  a  member  of  this  Institution  had  stated  that  a  cow  of  average 
intelligence  was  capable  of  designing  such  a  machine,  as  it  simply  con- 
sisted of  two  bearings,  a  shaft  and  a  pulley  ;  this  notwithstanding,  we 
had  since  had  many  excellent  papers  on  the  subject,  and  although  we 
had  often  heard  that  the  C.C.  dynamo  or,  in  fact,  any  type  of  commu- 
tating  machine  ought  to  be  relegated  to  the  scrap  heap,  still  the  time 
for  this  relegation  instead  of  being  within  sight,  appeared  to  be  receding 
into  the  distant  future,  and  therefore  every  suggestion  for  the  improve- 
ment of  C.C.  machines  should  be  heartily  welcomed. 

Mr.  Mavor  said  that  in  his  Congress  paper  on  dynamo  designing  he 
"  suggested  that  the  essential  part  of  the  dynamo  is  the  region  occupied 
by  the  armature  conductors  in  the  magnetic  field."  But  had  not  this 
suggestion  been  before  the  Institution  for  many  years  ?  Almost  every 
paper  on  dynamo  designing  during  the  last  twenty  years  had  been 
imbued  with  the  idea,  and  many  formulae  had  been  proposed  giving 
the  output  of  dynamos  in  terms  of  the  dimensions  of  this  part  of  the 
machine.  In  this  paper  no  mention  was  made  of  any  part  of  the 
dynamo  outside  the  armature.  The  paper  was  unique  in  this  respect. 
Another  striking  point  was  that  the  question  of  commutating  was  hardly 
referred  to,  and  we  ought  all  to  rejoice  that  this  subject  has  now  been 
found  to  bo  quite  unnecessary.  This  was  certainly  the  greatest 
improvement  made  in  recent  years  in  dynamo  construction.  The 
speaker  once  had  under  his  care  one  of  the  largest  C.C.  dynamos  which 
had  then  been  made,  tlie  brushes  for  which  alone  had  cost  over  los.  per 
week,  whereas  now  we  had  similar  machines  running  which  did  not 
cost  so  many  pence.  Most  of  the  so-called  inventions  in  connection 
with  special  windini^s  and  pole-pieces  on  dynamos  were  made  not  only 
to  improve  the  commuUvVvow,  W\.  Vo  ^\n^  -a.  \»osvtion  where  the  brushes 
nii^ht  be  absolutely  i\xcc\  and  ^^t^.cXKc'aXVj  me^^^^vA^-v^X.  ^S.  -axv-^  ^Vcwi^e  in 
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output.  These  proposals  had  not  always  been  successful,  and  the  large  Mr. 
amount  of  eiierg\\  time,  and  money  spent  upon  the  attempts  in  this  *^ 
direction  had  certainly  ^lot  been  repaid*  The  simple  adaptation,  how- 
ever, of  the  cartion  brush  properly  applied  had  brought  about  more 
improvement  in  this  respect  than  all  the  itt tempts  referred  to^  and  we 
ought  to  give  more  credit  for  the  great  improvement  due  to  this  simple 
innovation.  Mr.  Mayor's  aim  seemed  to  be  a  proposal  for  further 
improvement  in  the  dynamo,  thereby  increasing  the  efficiency  by 
reducing  the  losses  set  forth  as  items  i  to  6  on  page  474,  Generally 
speakingt  there  was  not  much  difficulty  in  arriving  at  the  temperature 
of  the  dynamo  winding  at  any  moment,  by  the  simple  plan  of  noting 
the  falling-oiif  in  the  shunt  current  (of  course  maintaining  a  constant 
voltage  or  correcting  for  variation),  and  this  w^ould  certainly  give  a 
more  reliable  result  than  the  application  of  thermometers  to  the  outside 
of  windings,  etc.  The  temperature  found  by  the  increased  resistance 
would  approximately  give  the  mean  temperature,  whereas  the  ther- 
mometer has  usually  to  be  applied  to  what  is  in  reality  the  coolest  part 
of  the  machine.  The  paper  was  evidently  an  attempt  to  settle  the 
question  of  the  best  dimensions  for  the  armature  slots,  or  to  put  it  other- 
wise, '* deep ■'  versus  *' shallow"  slots*  There  certainly  must  be  one 
dimension  of  slot  which  is  the  best  for  a  certain  output  at  a  given  speed 
and  a  given  voltage,  but  the  t>est  slot  dimensions  must  vary  both  with 
the  voltage  and  the  speed,  ai?  insulation  of  conductor  and  slots  bear  a 
large  proportion  to  the  copper  section,  and  as  the  voltage  increased 
more  care  was  necessary  to  maintain  the  insulation  between  the 
conductors  themselves  and  between  the  conductors  and  the  core*  He 
was  not  clear  upon  the  curves  given  by  Mr,  Mavor^  more  especially 
Plate  I ,  and  as  the  symbols  used  for  the  various  losses  would  require  so 
much  time  to  check  his  figures  properly,  he  had  not  had  any  induce- 
ment to  look  further  into  the  matter*  He  wished  it  were  possible  for 
WTiters  on  dynamo-designing  to  use  a  common  set  of  symbols,  a  thing 
which  would  make  such  papers  far  more  easily  intelligible.  He  also 
thought  that  Mr.  Mavor  might  have  spoken  of  revolutions  per  minute 
stead  of  per  second* 

Professor  Magnus  Maclean  said  that  the  paper  by  Mr,  Mavor  was  prtifessor 
ine  of  great  importance,  and  his  contentions  should  be  subjected  to  all  ^'-'^''^'aii^ 
the  useful  criticism  designers  of  smail  dynamos  and  motors  could  bring 
to  bear  on  them.  For  his  own  part  he  only  wished  to  draw  attention 
to  one  or  two  points  that  Mr.  Mavor  might  elucidate  in  his  reply*  In 
the  Appendix  the  hysteresis  loss  in  the  teeth  was  taken  to  be  propor- 
tional to  B/"^,  whereas  eddy^  currents  in  the  teeth  were  taken  to  be 
proportional  to  B/.  Why  ?  It  was,  he  thought,  pretty  well  established 
by  experiment  that  the  hysteresis  losses  reached  a  maximum  at  a  flux 
density  of  about  16,000  c,g,s.  lines  per  square  centimetre,  and  that  for 
higher  fiux  densities  the  hysteresis  loss  diminished  asymptotically, 
Still  further  experiments  were  necessary  to  elucidate  this  subject,  Mr- 
Mavor  verj^  pertinently  remarked  that  the  '*  story  is  not  yet  told  of  all 
that  takes  place  in  a  piece  of  iron  under  changing  magnetisation/*  He 
(Dr*  Maclean)  had  had  in  view  for  some  time  to  rotate  a  disc  of  copper 
and  a  disc  of  iron  in  a  calorimeter  placed  b^t^eati  \,\v^  ^^V^'Sj  ^  vstx 
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ofesaor       electro-magnet.    If    discs   of    different    thicknesses   were  rotated  at 

acican.       different  constant  speeds  and  in  different  constant  strengths  of  fields, 

he  believed  very  useful    information  could    be  obtained  as  to  the 

hysteresis  and  eddy  current  losses  that  took  place  in  the  armature  cores 

of  dynamos  and  motors. 

It  was  pointed  out  by  Mr.  Field  that  the  constant,  K,  Mr.  Mavor 
introduced,  viz.,  ergs  per  second  per  unit  volume  at  unit  velocity  in  unit 
field,  was  equivalent  to  current  per  unit  area.  Mr.  Field  did  so  by 
substituting  for  each  factor  its  dimensional  expression  in  terms  d 
length,  mass,  and  time.  He  was  a  great  believer  in  dimensional 
expressions,  and  he  was  of  the  firm  opinion  that  electrical  engineers  did 
not  devote  the  attention  to  that  important  subject  that  it  deserved. 
But  in  the  present  case  the  equivalence  could  be  arrived  at  quite 
simply. 

Activity 

~  Volume  X  velocity  x  flux 

Current  x  electromotive  force 

Area  x  length  x  velocity  x  flux 
__  Current 
Area 
•.  Mavor.  Mr.   H.  A.  Mavor,  in  reply,  said  that  he  wished  to  thank  the 

members  for  the  manner  in  which  they  had  received  his  paper  and 
discussed  the  points  raised.  The  subject  was  one  the  interest  in 
which  was  limited  to  a  comparatively  small  number  of  the  members, 
but  it  was  none  the  less  important  on  that  account. 

With  regard  to  Mr.  Field's  remarks,  he  thanked  Mr.  Field  for  his 
contribution  to  the  discussion  and  for  the  correction  of  certain  typo- 
graphical errors  in  the  proof  of  the  paper,  and  said  that  he  had  rightly 
understood  the  position  adopted  by  the  writer  of  the  paper,  viz.,  that  it 
was  necessary  in  small  machines  to  consider  the  speed  at  which  the 
machine  had  to  be  run  with  special  reference  to  the  iron  losses. 
Mr.  Field  stated  that  the  usual  procedure  in  designing  the  dynamo  is 
to  fix  on  a  current  density  determined  by  previous  experience,  and  by 
trial  and  error  determine  the  number  of  turns  per  coil  and  wires  per 
slot,  this  being  to  a  large  extent  settled  by  the  permissible  reactance 
voltage  per  slot,  and  from  that  basis  to  arrive  at  the  number  and  shape 
of  the  slots.  The  writer  of  the  paper  agreed  with  Mr.  Field  that  it  is 
impossible  to  design  a  machine  from  one  point  of  view  alone,  and 
that  the  design  is  always  a  compromise  between  different  conflicting 
requirements.  He  argued,  however,  that  if  you  begin  by  requiring  an 
impossibility  from  the  machine,  there  was  not  much  use  in  going  into 
other  details.  His  method  was  to  plot  out  the  watts  radiated  at  each 
speed  with  the  iron  losses,  and  to  deduce  the  curves  described  in  the 
paper,  assuming,  for  preliminary  purposes,  unity  as  the  value  of  the 
ratio  between  copper  area  and  slot  area — that  is  to  say,  assuming  that 
the  copper  fills  the  slot. 

Reference  to  the  formulae  in  Appendix  III.  would  show  that  the 

watts  output  derived  from  this  assumption  must  be  multiplied  by  the 

square  root  of  the  actual  va\v\e  ol  V\v\s»  t^lWo  \o  obtain  the  actual  output 

of    the    machine.    This   ra\.\o   \"s»   d^Xa^tcCvcv^^  Xs^  "^^  ^o^ix^iKt-aiLvQas 
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mentioned  by  Mr,  Field ,  vu.,  the  consideration  of  reactance  %'oltage 
and  other  practical  require mentSj  but  the  slot  width  being  determined  by 
the  length  of  the  air  space,  and  the  necessity  for  avoiding  heating 
of  the  pole- tips  by  eddy  currents,  the  best  slot  depth  is  ascertained 
from  the  curves  plotted  as  described  in  the  paper,  and  it  will  be  seen 
that  there  is  not  mnch  room  for  choice  in  the  other  points  which 
require  to  be  consideredj  so  that  the  actual  output  of  the  machine  is 
fixed  at  a  maximum  which  it  is  the  aim  of  the  designer  to  obtain  as 
nearly  as  possible. 

Mn  Field's  reading  of  the  value  of  the  constant  used  for  energy 
generated  in  the  active  belt  is  quite  correct^  but  it  is  not  in  any  sense 


Mr.  M;ivor» 
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at  variance  with  any  of  the  arguments  of  the  paper.  It  is  only  another 
way  of  saying  the  same  thing*  It  is  necessary  to  point  out  that  the 
assumption  of  value  for  current  density  is  the  conductor  in  a  first 
approximation  of  the  design  of  the  machine^  exactly  gives  away  the 
whole  case.  This  quantity  is  among  the  very  last  to  be  determined. 
The  current  density  in  the  conductors  is  of  comparatively  little 
importance  in  small  machines;  in  fact  it  will  be  seen  from  the 
efficiency  formula  that  the  efficiency  of  the  machine  may  be  reduced 
by  reducing  the  current  density  in  the  conductors. 

Mr,  Field's  point  with  regard  to  the  watts  radiated  is  worthy  of 
attention,  and  it  would  probably  be  better  to  plot  the  curves  as  he 
suggested.  On  the  other  hand,  the  curve  v^/i  x  a  constant,  beiu^ 
derived  entirely  from  experimental  results,  ^ppV\^^  oii\^  ^.-^  fe'si  t^xv^  'dv 
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Mr.  Mavor.  thesc  records,  and  this  is  from  ;/  =  8  to  » ^  20,  or  thereby.  It  can 
be  extended  to  wider  limits  if  ne6d  be,  but  for  ordinary  standard 
machines  it  is  not  necessary  to  calculate  the  curve  below  n  =  8, 
and  properly  speaking  it  ought  not  to  have  been  drawn  below  this 
point. 

The  line  of  argument  of  the  paper  is  that  there  are  several  speeds  at 
which  a  machine  carcase  will  give  the  same  output,  and  that  one  of 
these  speeds  is  the  best.  Approximate  curves  of  the  outputs  obtainable 
from  a  lo-inch  machine  were  shown,  and  are  added  to  the  Appendix 
of  the  paper.  It  was  pointed  out  that  in  the  case  of  the  machine  in 
question,  the  curves  of  which  are  plotted  for  an  assumed  unit  value  of 
Q,  the  space  factor,  the  output  of  a  machine  wound  with  a  two- 
centimetre  slot  was  very  different  from  a  three-centimetre  slot  at  the 
assumed  speed  of  ;/  =  16  per  second,  and  that  if  any  circumstance 
arose  to  increase  the  temperature  rise,  either  from  variation  of  the 
quality  of  the  iron  in  the  ore  or  otherwise,  the  use  of  a  three-centi- 
metre slot  on  this  machine  would  be  very  dangerous.  The  use  of  a 
two-centimetre  slot,  on  the  other  hand,  gives  an  increased  margin  d 
output  in  the  ratio  of  6  to  lo,  as  indicated  by  the  points  marked 
A  and  B  respectively  on  the  curves  for  the  three-centimetre  and  the 
two-centimetre  slots.  The  envelope  of  the  curves  drawn  for  each 
slot  depth  gives  the  maximum  value  for  the  output  of  the  machine, 
and  having  determined  the  speed  at  which  it  is  to  run,  the  slot  which 
gives  the  best  output  at  that  speed  without  any  tendency  to  fall  away 
from  a  straight  line  on  the  curve,  for  the  slot  chosen  is  the  best  slot  to 
use  for  the  machine.  In  the  case  under  consideration  a  two-centimetre 
slot  would  be  approximately  the  best  for  a  speed  of  n  =  i6. 

Replying  to  Mr.  W.  Arthur  Ker's  remarks,  the  arguments  of  this 
paper  arc  commended  to  the  further  consideration  of  the  members, 
because  if  they  arc  borne  out  by  the  facts  they  show  that  each  machine 
ought  to  be  differently  wound  for  each  speed  and  output,  and  that 
a  simple  reduction  of  the  speed  of  an  open  motor  so  as  to  obtain  a 
satisfactory  enclosed  machine  is  not  the  right  way  to  solve  the 
problem.  On  the  other  hand,  the  line  of  design  indicated  by  Mr. 
Ker's  remarks  are  quite  in  accordance  with  the  ordinary  modern 
practice,  but  the  speaker's  contention  was  that  this  practice  is  not 
sound. 

The  author  thanked  Mr.  Hird  for  his  defence  of  the  formulae  used 
in  the  Appendix,  but  pointed  out  that  the  correctness  or  otherwise  of 
thesc  lorniuLx'  had  nothing  to  do  with  the  argument  of  the  paper,  his 
contention  being  that  it  was  necessary  to  examine  all  formula?  for 
determining  the  iron  losses  on  the  lines  indicated  in  the  paper,  so  as 
to  obtain  a  comprehensive  grasp  of  the  conditions  and  avoid  elaborate 
calculations  with  regard  to  the  possible  windings  for  a  machine  which 
left  out  of  account  altogether  the  principal  factor  of  primary  im- 
portance in  laying  out  the  design.  The  author  agreed  with  Mr. 
McWhirtcr  in  tlie  continued  importance  of  continuous-current 
/2iachincry,   but   pointed  out   that  his  paper  had  reference  to  small 

jiiacliines  onlv.  j 

He  pointed  out  tUwl  t\\c\ou^  vi^^tts^vQxvx^l^^t^^'^^V^X^xAlacJean    I 


1902.]      CONTINUOUS-CURRENT  DYNAMOS:  DISCUSSION.         497 

was  not  used  for  a  calculation  of  the  area  of  each  conductor,  but  was  Mr.  Mav 
a  symbolic  expression  of  the  quantities  on  which  this  area  depends. 
The  formulae  given  for  this  purpose  will  be  found  convenient  in 
attacking  dynamo  design  from  this  point  of  view.  The  author  claimed 
for  his  paper  that  it  was  not  a  treatise  on  the  whole  subject  and  did 
not  take  up  all  the  points  necessary  to  be  considered,  but  he  wished 
further  to  commend  a  study  of  the  subject  on  the  lines  indicated, 
having  no  desire  to  magnify  the  results  already  obtained,  but  ventured 
to  think  that  such  a  study  would  lead  to  very  considerable  modifica- 
tions along  the  line  of  improvement  in  the  design  of  small  machines. 
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GENERAL  RULES  FOR  WIRING  FOR  THE 
UTILISATION  OF  ELECTRICAL  ENERGY. 


1.  These  rules  embody  the  requirements  and  precautions 
which  the  Institution  has  framed  to  secure  satisfactory  results 
with  supply  at  a  pressure  not  exceeding  500  volts  if  continuous  or 
250  volts  if  Alternating.  They  are  intended  to  include  only  such 
requirements  and  precautions  as  are  generally  necessary,  but 
they  are  neither  intended  to  take  the  place  of  a  detailed 
specification,  nor  to  instruct  untrained  persons. 

2.  Notice  of  the  proposed  introduction  of  wiring  should  in 
all  cases  be  given  to  the  Fire  Offices  insuring  the  risk,  and  to 
the  suppliers  of  the  electrical  energy  if  such  is  to  be  obtained 
from  an  external  source. 


GENERAL  ARRANGEMENT. 

3.  Conductors  must  radiate  from  distributing  centres,  and  in 
large  systems  from  those  centres  to  sub-centres,  so  that  no  sub- 
circuit  carries  more  than  5  amperes  up  to  125  volts,  or  more 
than  3  amperes  from  125  to  250  volts,  for  incandescent  lighting. 

4.  When  protected  from  mechanical  injury  by  hard  metal 
tubes  or  conduits,  conductors  even  of  opposite  polarity  may 
be  '*  bunched,"  and  when  carrying  small  currents  from  sub- 
centres,  as  in  paragraph  3,  they  may,  if  without  joints,  be 
"  bunched  "  even  when  the  protecting  tubing  or  casing  is  non- 
metallic.  If  the  supply  is  alternating  and  the  protection  metallic, 
conductors  must  be  bunched  so  that  the  sum  of  the  currents 
passing  is  zero. 

5.  When  one  of  the  main  conductors  of  a  system  of  supply 
is  earthed,  no  interruption  of  the  current  by  any  mechanical 
device  is  permitted  in  a  conductor  connected  to  the  earthed 
main  that  does  not  also,  and  simultaneously,  break  circuit  on 
the  non-earthed  conductor.  Hence,  to  insure  the  current  being 
in  teTupted  simultaueousV^  oiv  boUv  the  earthed  and  the  non- 
earthed  wires,  no  swilcVv  \.\v<3A.  '\?>  tvo\.  \v^^^  \.^  -scw^^^^  's^vt.ch.  on 
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^Wie  non-uarthed  conductor  may  be  inserted  in  any  conductor 

^■connected  to  an  earthed  main* 

6.  No  fuse  may  be  placed  in  the  neutral  conductor  of  a 
*'  three-%vire  "  system.  This  does  not  prevent  the  use  of  a 
disconnecting  Unk  in  the  neutral  for  testing  purposes^  but  fuses 

I  must  be  placed  on  botli  conductors  of  two-wire  circuits  branching 
Iherefrom. 
I  7.  Every  system  must  be  controlled  by  linked  main  switches, 
which  must  be  placed  as  near  to  the  entry  of  supply  to  a 
building  as  circumstances  permit^  and  which  must  be  easily 
accessible.  Subject  to  paragraph  6,  the  system  must  also  be 
protected  by  main  fuses. 
^P  8.  Every  sub -circuit  must  be  protected  on  both  poles  by  a 
^Muse  ;  and  no  single-pole  switch  may  be  inserted  in  the  earthed 
side  of  a  system. 

9.  When  the  wiring  is  such  that  one  conductor  is  un- 
insulated at  all  points — such  as  a  bare  return  to  a  concentric 
system— no  switch  or  fuse  may  be  placed  in  that  conductorj  and 

■the  said  conductor  must  be  efficiently  earthed. 
10.  When  the  supply  is  from  all  three  conductors  of  a  three* 
phrase  system^  each  conductor  must  be  protected  by  a  fuse  and 
the  whole  controlled  by  three  linked  switches. 

1 1 .  W^en  the  pressure  between  outer  conductors  of  a  three- 
wire  main  exceeds  250  volts »  the  circuits  connected  to  opposite 
sides  of  the  neutral  conductor  must  be  so  disposed  that  a  person 
cannot  simultaneously  touch  two  points  respectively  in  contact 
with  the  outer  conductc?rs. 

13.  Conductors  conveying  currents  at  pressures  exceeding 

J50  volts  must  be  completely  enclosed  in  strong  metallic  sheath- 

^K  ing  or  tubing  efficiently  connected  to  earthy  and  such  sheathing 

for    tubing    must    be    electrically    continuous    throughout    its 

length. 

13,  No  switch,  cut'Outj  connector^  or  other  electrical 
appliance,  may  be  mounted  directly  upon  any  surface  of  a 
condensing  or  humid  nature^  such  as  masonry,  brickwork, 
cement,  or  plaster — but  must,  in  addition  to  its  own  mount,  be 
iixed  upon  a  base  block  rendered  impervious  to  moisture. 

14.  Branch  fuses  must  be  grouped  together  in  accessible 

k positions  in  sight,   and  should   be   symmetrically  placed   and 
labelled  for  each  circuit- 
15*  Contact  between  insulated  conductors  and  gas*pipes,  or 
metils   in  contact  therewith,  must   be  prevented  by  non-con- 
ducting incombustible  distance-pieces. 

16,  Gas-pipes  must  never  be  used  to  obtain  an  earth  con- 
nection. 
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17.  Switches  and  fuses,  not  in  an  engine-room  or  compart- 
ment specially  arranged  for  the  purpose,  must  be  covered. 

CONDUCTORS-CONDUCTIVITY  AND  SIZE. 

18.  The  sectional  area  of  conductors  (see  Table)  must  be 
greater  than  that  determined  by  the  heating  effect  of  the  current 
required  for  the  maximum  number  of  lamps,  or  other  current- 
using  apparatus,  that  can  be  used  simultaneously  on  the  circuit. 

19.  The  size  of  conductors  within  a  building  will,  subject 
to  paragraph  18,  be  determined  by  the  permissible  drop  in 
volts,  which  should  not  exceed  2  per  cent,  on  Ughting  circuits. 

20.  Copper  conductors  should  be  of  soft  copper,  and  should 
have  a  conductivity  not  less  than  100  per  cent  as  compared 
with  Matthiessen's »  standard ;  and  where  sulphur  compounds 
are  present  in  any  part  of  the  insulation  the  copper  in  contact 
with  the  insulation  must  be  protected  therefrom  by  tinning 
or  otherwise. 

21.  The  sectional  area  of  a  copper  conductor  must  not  be  less 
than  that  of  No.  18  S.W.G.  wire,  with  the  exception  of  the  case 
of  flexible  cord  conductors  and  wires  for  fittings,  when  the 
sectional  area  must  not  be  less  than  that  of  a  No.  20  S.W.G. 
wire.  All  insulated  copper  conductors  having  a  greater  area 
than  that  of  a  No.  14  S.W.G.  wire  must  be  stranded. 

22.  The  table  appended  shows  the  sizes  of  copper  conductors 
which  will  safely  carry  currents  up  to  740  amperes,  and  the 
length  in  yards  of  single  conductor  in  circuit  for  each  volt  of  fall 
of  potential  when  the  maximum  current  is  in  use. 

CONDUCTORS— INSULATION. 

23.  Conductors  must  be  specially  insulated  with  material 
which  does  not  deteriorate  at  the  highest  temperature  to  which 
it  will  be  subjected  ;  for  instance,  rubber  must  not  be  allowed 
to  exceed  130^  F.»  or  paper — or  libre — insulation  170°  F.  In 
specially  hot  places  the  conductors  should  be  so  large  that  the 
electric  heating  is  almost  nil. 

J4.  The  insulation  on  any  conductor  other  than  a  flexible 
cord  must  be  throughout  either — 

(<i)  A  dielectric  which  is  impervious  to  moisture  and 
only  needs  mechanical  protection.  (''  Dielectric  " 
docs  not  include  braiding  or  taping.)  Or 
[h)  A  dielectric  which  must  be  kept  perfectly  dry,  and 
therefore  needs  to  be  encased  in  a  waterproof 
sheath,  generally  of  soft  metal,  such  as  lead,  drawn 
closely  ovcv  \V\c  dielectric. 

^  Sec  \vv^^^^^^-  V-  V'"J>- 
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^P  2^.  The  radial  thickness  of  vulcanised  rubber  must  be  not 
less  than  30  mils  plus  one-tenth  of  the  diameter  of  the  conductor 
{see  Table,  column  3},  The  radial  thickness  of  dielectrics  of 
Class  (b)  must  be  not  less  than  that  given  in  the  Table^  column  4, 
The  dielectric  must  not  soften  sufficiently  to  allow  decentmlisa- 
tion  at  a  lower  temperature  than  170°  Fahr, 
^p  26*  The  dielectric  of  Class  (a)  must  be  thoroughly  damp- 
iproof^  and  that  of  Class  (6)  must  be  enclosed  in  a  sheath  of 
ductile  material  entirely  impervious  to  moisture^  which,  if 
metal liCj  must  be  electrically  continuous  throughout  and  con- 

Pnected  to  earth, 
27,  The  dielectric  must  be  such  that  when  a  test* piece  of  the 
insulated  conductor  has  been  immersed  in  water  for  twenty-four 
hours  it  will,  while  still  inimersfd,  withstand  2,000  volts  for 
ten  minutes  between  the  conductor  and  the  water.  Prior 
to  immersion  the  test-piece  must  have  been  bent  six  times 
(three  times  in  one  direction  and  three  times  in  the  opposite 
direction)  round  a  smooth  cylindrical  surface  not  more  than 
^twelve  times  the  diameter  of  the  finished  cable* 
^P  2S*  The  minimum  insulation  resistance  should  be  that 
given  in  Column  12  of  the  Table  for  vulcanised  rubber^  and 
that  in  Column  13  for  Class  (b)^  the  test  being  made  at 
60°  F.  after  one  minute's  electrification  at  500  volts,  and 
after  the  test-piece  has  been  immersed  in  water  for  twenty- 
four  hours.  This  resistance  must  not  fall  more  than  1  o  per  cent, 
after  seven  days'  immersion, 

29.  Conductors  insulated  as  in  Class  {a)  may  be  protected 
by  braid  or  taping,  prepared  so  as  to  resist  moisture.  Unless 
fixed  in  sight  and  out  of  reach  of  injur}",  all  conductors  must^ 
further,  be  protected  by  a  strong  covering  ;  and  this,  in  damp 
situations^  must  consist  of  water-tight,  incombustible  tubes, 
which ^  if  of  metal,  must  be  electrically  continuous  throughout 
and  connected  to  earth.  Means  must  be  provided  to  prevent 
the  accumulation  within  the  tubing  of  water  arising  from  con- 
densatton  or  other  sources.  Sharp  bends  or  elbows  must  be 
avoided,  comers  being  turned  by  smooth-bore  round  bends  or 
suitable  boxes. 

30,  The  exposed  ends  of  conductors,  witli  dielectrics  of 
Class  {b)f  where  they  enter  the  terminals  of  switches,  fuses^ 
and  other  appliances,  must  be  protected  from  moisture  which 
might  creep  along  the  insulating  material  within  the  waterproof 
sheath.  i 

3i_  Concentric  conductors  should  in  all  respects  conform  to    | 
the  requirements  herein  laid  down  for  single  coi?id\icXot'&  ^  *<!^^  1 
insula*ioii  resistance  of  the  dielectric  separatm^  Vtve.  t'^'^  coi'^*^ 
Vol,  32.  88 
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ductors  must  be  that  given  in  the  Table  for  single  conductors 
having  the  same  diameter  as  the  inner  conductor.  The  insula- 
tion resistance  of  the  dielectric  on  the  outer  conductor  where 
insulated,  must  be  that  given  in  the  Table  for  single  conductors 
of  the  same  outside  diameter. 

32.  When  the  mains  ^e  earthed  at  one  point,  the  outer 
conductor  of  a  concentric  system  is  the  conductor  to  be  con- 
nected to  the  earthed  main. 

33.  In  applying  the  bending  test  to  concentric  conductors, 
the  diameter  of  the  cylinder  used  should  be  not  more  than 
twelve  times  the  diameter  of  the  finished  cable. 

34.  Flexible  conductors,  i.e.j  those  made  up  of  a  number  of 
wires  not  larger  than  No.  35  S.W.G.,  which  are  then  insulated, 
may  only  be  used  for  attachment  to  portable  appliances  or 
pendants  or    for    sub-circuits  when    visible  throughout  their 
length  and  spaced  from  walls  by  porcelain  insulators.      For 
the  wiring  of  fittings  a  strand  composed  of  three  wires  of 
No.   25  S.W.G.  may  be  used.      The  insulating  material  used 
as  the  dielectric  must  be  either   pure   rubber  or   vulcanised 
rubber  of  the  best  quality.     If  pure  rubber  be  used,  it  should 
be  laid  on  in  two  layers,   care  being  taken  that  these  break 
joint.     The    radial   thickness  of  the   dielectric  must    not    be 
less  than  16  mils  for  pressures  up  to  125  volts,  or  20  mils  for 
pressures  from  125  to  250  volts.     The  covering  must  be  such 
that  a  test-piece  not  less  than  one  yard  in  length  cut  from  the 
conductor  will  withstand  a  pressure  of  1,000  volts  alternating 
at  a  frequency  of  from  40  to  100  periods  per  second  applied 
for  ten  minutes  between  the  test-piece  and  a  similar  test-piece 
twisted  together  with   it,   the  pieces  being  subjected  during 
the   test  to  the  vapour  arising  from  a  pan  of  boiling  water 
placed  ten  minutes  before  the  commencement  of  the  test  at  a 
distance  not  exceeding  three  feet  immediately  below  it. 

CONDUCTORS— JOINTS. 

7^^.  Joints  in  conductors  are  prohibited  except  on  small 
wires  protected  by  fuses,  viz.,  5-ampere  fuses  on  circuits  up  to 
125  volts,  and  3-ampere  fuses  on  circuits  from  125  to  250  volts. 
Junction-boxes  must  be  used  to  connect  lengths  of  larger  con- 
ductors, and  be  so  constructed  that — 

(ij)  the  conductors  cannot  be  readily  short-circuited  ; 
(/))  the    insulation    between    opposite    poles    will    not 

readily  bresik  ot  cMp  •, 
(( )  the  couuecUous  dv>\\o\.\\^;xX. 
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If  used  in  damp  places,  special  precautions  must  be  adopted  to 
exclude  moisture. 

36.  Joints  must  be  mechanically  and  electrically  perfect  to 
prevent  heat  being  geiienUed,  All  joints  must  be  soldered. 
Soldering  Huids  containing  acid,  or  other  corrosive  substances, 
must  not  be  used*  The  insulation  of  all  joints  in  insulated 
conductors  must  be  most  carefully  attended  to* 

37.  In  jointing  conductors  the  braiding,  tape  or  lead,  must 
be  carefully  removed  without  damage  to  the  dielectric  for  a 
sufficient  length  to  insure  a  thorough  union  between  the 
dielectric  and  the  material  used  to  insulate  the  joint.  If  the 
insulating  material  is  not  waterproof,  it  must  be  covered  with 
an  impervious  sleeve  or  box,  which  must  make  a  water-tight 
joint  on  each  side  of  the  junction.  Care  must  be  taken  to 
exclude  moisture  during  the  operation, 

38.  Joints  between  flexible  conductors  and  permanent  wires 
under  flooring  or  in  wood-casing  are  prohibited. 

Joints  constitute  a  source  of  weakness,  and  they  must, 
therefore*  be  accessible,  and  it  is  recommended  that  their 
positions  be  indicated  by  a  conspicuous  mark. 

BURIED   CONDUCTORS   IN   BUILDINGS. 

39.  Conductors  buried  in  cement  or  plaster  must  be  provided 
with  protection  of  suflicient  strength  to  resist  a  nail. 

40.  Conductors  passing  through  walls  or  tire-resisting  ttoois 
must  be  provided  with  additional  protection*  such  as  a  porcelain 
or  other  incombustible  tube  which  must  be  tilled  up  with  some 
chemically  inert  incombustible  material,  so  as  to  prevent  the 
spread  of  tire  through  these  openings.  When  the  end  is  outside 
the  building  it  should  be  bell-mouthed  and  turned  downwards. 


r 

^m  j\2.  Where  conductors  are  connected  to  switches,  fuse 
junction-boxes,  or  other  appliances,  the  whole  ol  ^^  isfc'^'a.r. 
wires  iormmg  the  stranded  or  flexible  couducVot  mws^^V  ^^^^ 


CONDUCTORS^WOOD   CASING   FOR. 

Wood  casing  must  not  be^ — 

(a)  buried  in  plaster  or  cement,  nor  exposed  to  moisture  ; 

(b)  used  in  damp  places  ; 

(c)  run  immediately  below  water  pipes  unless  efficiently 

protected  from  drip. 


CONDUCTORS- 


PRECAUTIONS  AT  POINTS  OF 
CONNECTION. 
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contact  with  the  terminal  so  that  no  loose  wire  or  strand  can 
project.  The  dielectric  must  not  be  bared  back  further  than 
to  allow  the  conductor  to  enter  the  terminals  properly,  and  the 
ends  of  the  insulation  Class  (b)  should  be  sealed. 

43.  The  braiding,  lead,  or  other  covering  to  the  dielectric 
must  be  cut  back  from  the  end  of  the  insulating  material,  and 
waterproofed.  In  damp  places  the  strands  of  conductors. 
Class  (6),  should  be  soldered  to  prevent  moisture  creeping  along 
the  copper  beneath  the  insulation. 

44.  Conductors  of  larger  section  than  7/18  must  be  soldered 
to  proper  lugs  for  connection.  Where  there  is  any  possibility 
of  strain  on  the  lugs  they  must  be  mechanically  attached  in 
addition  to  the  soldering. 

SWITCHES. 

45.  Every  switch,  whether  fixed  separately  or  combined 
with  lampholders  or  fittings,  must,  except  as  provided  in 
paragraph  17,  be  encased,  and  comply  with  the  following 
requirements ; — 

(a)  Overheating  must  not  take  place  at  the  point  of 
contact  or  elsewhere,  when  the  full  current  flows 
continuously. 

(6)  When  being  switched  off  it  must  not  be  possible  to 
form  a  permanent  arc.  Switches  should  be  tested 
at  pressure  and  current  50  per  cent,  in  excess 
of  that  which  will  be  used  on  the  circuits  for 
which  they  are  intended. 

(c)  It  must  be  incapable  of  remaining  in  partial  contact 

{d)  The  base  must  be  of  incombustible  non-conducting 
and  moisture-proof  material. 

(e)  The  cover  must  be  of  incombustible  material,  and 
must  be  either  non-conducting,  or  of  rigid  metal, 
and  clear  of  all  internal  mechanism.- 

(/)  Where  the  pressure  exceeds  250  volts,  covers  must 
be  of  metal  and  must  be  earthed. 

(g)  Handles  must  be  insulated  and  so  arranged  that  the 
hand  cannot  touch  live  metal. 

(//)  It  must  not  contain  a  fuse. 

FUSES. 

46.  Every  fuse  must  be  encased,  except  as  provided  in 
paragraph  17,  and  comply  with  the  following  requirements  : — 

(ii)  That  no  o\eY\\e2\.\Yv^  eau  take  place  in  any  part 
when  \.\\e  i\i\\  cmyy^wI  "^o^v^  ^^xvNil\x\xij^\\^V^ . 


1^  loo  per 


(»)  TI12I  il  Aii 

<<)  TbebaacoC  flKlpscHast  be  of 

ja_      .-  j»  -    -  ■■-■■jiul' 

CCHIQBCll^L  SDil  IBOiSGBCC-pCOOK 

ifii  The  CQf««3-  most  be  of  lnrrMihitaibic  nnitrfial,  and 
mast  eilher  be  iioa-ccndDCttBg  or  of  rig^  me^ 
fii^d  vifb  iirailjlTH£  inoaoliQsdble  matemL  It 
most  be  kept  dear  ci  alHie  iiieraal  mediamsni. 
Wbexi  the  bases  axe  of  die  csfscn  ^pe  and  gmoped 
lo^eflier^  tbe  case  at  the  dbtifljtitkm  board  will 
be  a  so^acBt  pnsiectioik  peovided  tbe  distance 
fxtHEL  coier  io  fase  exceeds  t«o  Incbcs. 

(£)  Fuses  most  ool  be  placed  in  waENodcets,  ceiliog 
rosesy  iamfilioldQS,  or  switcb  oovefs. 

(/)  The  fi^sible  metal  omst  be  of  sacb  sixe  that  no 
cxMidactor  ppiCected  by  il  011  possibly  exceed 
tbe  temperafore  specified  in  paragraph  a> 

47.  Separate  sIb^  fuses,  and  not  **  doubie-pole ''  fuses,  must 
be  used  on  ctrcutts  on  which  tbe  pcessttre  exceeds  125  ¥otts. 

48.  Fuses  may  be  considered  too  laT;ge  if  tiiey  are  not  warm  to 
^the  touch  on  f  nil  kkad,  and  too  scnall  if  they  hiss  when  moistened. 

49.  Note:  It  is  recomjBended  that  bard  metal  be  used  for 
"fuses  ;  and  that  if  soft  wire  is  nsed^  it  should  be  soldered  to 

hard  metal  contacts- 


CONNECTORS:  WALL-  AND  FLOOR-PLUGS,   ETC. 

50,  AH  connectors  should  be  capable  of  withstanding  a  test 
it  a  pressure  and  current  50  per  cent,  in  excess  of  that  for 
which  they  are  intended.  In  damp  places  special  water-tight 
connectors  must  be  used.  In  cases  where  the  lixed  part  of 
the  connector  is  attached  to  a  floor  it  must  be  so  arranged  that 
no  dust  or  water  can  accumulate  in  the  cavity ^  and  that  all 
contacts  are  well  below  the  floor-level,  or  covered  to  prevent 
any  possibility  of  danger  from  contact  with  carpets, 

51*  No  connector  may  contain  a  fuse. 

52,  Connectors  must  be  constructed  so  that  they  cannot  be 
readily  short- circuited.  Clearances  should  be  such  that  an  arc 
cannot  be  started  if  the  connector  is  pulled  out  at  the  time  tliat 
the  current  is  flowing.  The  insulation  used  hebueea  ^v\>^^^^^ 
poles  should  bo  such  that  it  will  not  readily  bteak  oi  i^v^* 
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53.  Flexible  cord  conductors  for  portable  fittings  must  end 
in  a  connector. 

54.  Every  portable  current-consuming  device  must  be  inde- 
pendently controlled  by  a  switch  on  the  live  side  of  the  connector. 

CEILING  ROSES. 

55.  Every  ceiling  rose  must  comply  with  the  following 
requirements : — 

(a)  The  base  must  be  of  incombustible,  non-conducting 

and  moisture-proof  material ; 

(b)  The  cover  must  be  of  incombustible  material,  and 

must  be  either  non-conducting  or  of  rigid  metal, 
and  clear  of  all  internal  mechanism  ; 

(c)  Unless  it,  or  its  base,  form  part  of  the  sheathing  as  in 

paragraph  12,  it  must  not  be  attached  directly  to 
a  plastered  surface,  but  must  be  mounted  on 
a  prepared  block ; 

(ci)  Its  terminals  must  be  reheved  of  the  direct  pull  of 
the  attached  conductor  and  fitting,  and  be  so 
arranged  that  no  short  circuit  can  take  place  ; 

(e)  It  must  not  contain  a  fuse. 

SWITCH  AND   DISTRIBUTION   BOARDS. 

56.  Main  and  distribution  switch-  and  fuse-boards  must  be 
made  of  incombustible  insulating  material  insulated,  where 
hygroscopic,  by  bushes  from  the  supporting  framework,  and 
fixed  in  a  dry  situation,  and  be  so  placed  that  a  fire  thereon 
cannot  spread  to  combustible  material. 

57.  Live  metal  must  be  fixed  at  such  a  distance  from  all 
metal  not  at  the  same  potential,  or  be  so  separated  by  insulat- 
ing partitions,  that  an  arc  cannot  be  formed  between  the  metal 
surfaces. 

58.  Connections  at  the  back  of  boards  must  be  made  acces- 
sible, but,  unless  protected  from  acid  fumes,  must  not  project 
into  battery  rooms.    Circuits  should  be  labelled  for  identification. 

59.  The  cases  of  instruments,  if  metallic,  must  be  insulated 
from  the  circuits,  or,  if  connected  to  one  pole,  they  should  be 
protected  from  the  possibility  of  contact  with  the  other. 

60.  Every  voltmeter  with  its  connecting  wires  should  be 
protected  by  a  fuse  on  each  pole. 

FITTINGS   FOR  SUPPORTING   LAMPS. 

61.  Wherever  brackets,  e\eci\:o\\^x^^  q>x  '$>\.'axvdards^  require 
to  have  the    conductors  tYvveade^d  V\v>:o>3i^  Vxs^^'s^  ^\  OaasNSN.^ 
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formed  in  the  metal  work,  these  must  be  of  ample  size  and 
have  no  sharp  angles  or  projecting  edges,  which  would  be 
liable  to  damage  the  iasulating  material 

62,  Where  possible,  the  conductors  should  be  carried  without 
joints  through  the  fittings  to  the  lamps  ;  but  where  connections 
at  the  fitting  are  unavoidable,  special  care  must  be  taken  to 
make  the  jomts  equal  in  conductivity  and  insulation  to  the  rest 
of  the  work. 

63,  Combined  gas  and  electric  fittings  must  not  be  used. 

64,  When  disused  gas*iittings  are  adapted  for  electric  light, 
they  must  be  entirely  disconnected  from  the  gas-pipes* 

LAMPHOLDERa 

65,  Lampholders  must — 

(a)  be  entirely  incombustible ; 

(b)  be  insulated  from  any  continuously  earthed  conduit 
or  sheath  not  forming  part  of  the  circuit ; 

{c)  be  specially  designed  if  for  currents  above  ij  am- 
peres ; 

(d)  not  be  hung  from  flexible  cord  conductors  where 
exposed  to  the  weather,  but  be  rigidly  supported. 

66,  Switch  lampholders  should  be  controlled  in  groups 
of  ten^  or  fewer,  by  a  separate  fixed  waU-switch. 


ARC   LAMPS. 

67-  Arc  lamps  must — 

(a)  be  guarded  by  lanterns  or  globes,  which  must  be 

arranged  to  intercept  falling  particles  of  carbon  ; 

(b)  be  insulated  from  tiieir  support ; 

(c)  be  fixed  so  that  their  cases  cannot  come  into  contact 

with  any  metallic  object ; 

(d)  have  their  leading-in  wires  protected  from  rain  ; 

{e)  be  controlled  by  linked  s\\itches  and  protected  by 

fuses  (see  '* General  Arrangements")  ; 
If)  not  be  used  in  places  where  inflammable  vapours 
or  explosive  mixtures  of  dust  or  gas  are  liable  to 
be  present 

INCANDESCENT   LAMPS. 

68.  Incandescent  lamps  and  their  holders— 

(a)  must  not  be  placed  in  close  proxiimt^  to  v'^^J.T^^a?^- 
mahle  materials ;  shades  made  ot  ^\lOcl  xaaXfexx-A^ 
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must  be  kept  free  from  contact  with  the  lamps  by 
suitable  guards ;  celluloid  and  other  highly  in- 
flammable material  must  not  be  used  for  shades  ; 
(b)  if  placed  in  positions  where  they  are  exposed  to 
inflammable  vapour  or  gas,  should  be  enclosed  in 
air-tight  fittings  of  thick  glass  and  have  no  flexible 
cord  connections. 

69.  Incandescent  lamps  of  the  Nernst  type  must  comply  with 
the  regulations  of  paragraphs  67  (a),  (6),  (c),  (^/),  (/)  and  68  (a). 

DYNAMOS  AND   MOTORS. 

70.  Any  dynamo  or  motor  rated  at  more  than  one-third  of  a 
horse-power  must — 

(a)  be  protected  from  damp,  dust,  and  mechanical  injury ; 

(b)  be  so  placed  that  no  unprotected  woodwork  or  com- 

bustible material  is  within  a  distance  of  twelve 
inches  from  it  measured  horizontally,  or  within 
four  feet  measured  vertically  above  it,  unless  it  is 
of  an  enclosed  type  ; 

(c)  if  supplied  at  250  volts  or  upwards,  have  its  frame 

efficiently  connected  to  earth  ; 

(d)  if  employed  in  positions  exposed  to  highly  inflam- 

mable dust  or  flyings,  or  where  highly  inflammable 
materials  are  manipulated  or  stored,  be  of  the 
enclosed  type,  without  belting  or  gearing  pene- 
trating the  casing,  with  ventilating  openings,  if 
any,  only  in  the  vertical  portions  of  their  casings, 
protected  by  two  thicknesses  of  fine-mesh  wire 
gauze  set  at  least  a  quarter  of  an  inch  apart  and 
substantially  attached  to  the  casing  ; 

(e)  be  controlled  by  linked  switches*  and  protected  by 

fuses  or  circuit-breakers  on  both  conductors  ; 
(/)  if  a  motor,  have,  in  addition  to  the  above,  starting 
gear  consisting  of  a  regulating  switch  and  series 
resistance,  the  regulating  switch  being  fitted  with 
a  magnetic  release  that  will  automatically  open  the 
circuit  should  the  current  be  interrupted. 

Note. — It  is  recommended  that  all  shunt  cir- 
cuits of  motors  be  arranged  so  that  the  field  is 
excited  before  the  armature  is  connected,  these 
circuits  to  be  disconnected  through  a  non-induc- 
tive resistatvce  oy  cjv^Vjow  \:i\:^^.k  after  the  armature 
circuit  is  broVeu. 
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RESISTANCES, 

71.  Resistances,  whether  used  in  connection  with  arc-lamps, 
dynamos,  or  motors,  or  for  any  other  purpose,  must  be — 

(a)  carried  on  frames  or  supports  mid  enclosed  in  cases, 
the  frames,  supports,  and  cases  to  be  o£  incom- 
bustible material  eflficiently  insulated  from  the 
resistances  ; 

(6)  amply  ventilated  by  means  of  apertures  protected  by 
fine-mesh  wire  gauze  w^here  there  is  danger  of 
inflammable  material  entering  them  ; 

(c)  so  proportioned  that  they  cannot  rise  m  temperature 
more  than  340°  F.,  nor  the  cases  containing  them 
more  than  130*^  F.,  above  the  temperature  of  the 
surrounding  air  ; 

(il)  so  fixed  that  no  unprotected  inflammable  material  is 
within  SIX  inches  of  the  cases  containing  them, 
or  within  twenty-four  inches  measured  vertically 
above  them, 

CHOKING  COILS. 

72.  Choking  coOs  must  comply  with  the  rules  for  Resistances 
(71,  a,  bj  and  d^  and  76). 

ACCUMULATORS  AND   OTHER    BATTERIES. 

73.  The  room  in  which  accumulators  or  primary  batteries  are 
placed  must  he  wtII  ventilated. 

74.  Accumulators  and  batteries  must  be  well  insulated 
from  earth  J  and  protected  by  fuses  at  all  points  of  connection 
between  the  circuit  and  the  regulating  cells,  unless  special 
precautions  are  taken  to  keep  the  conductors  permanently 
apart  by  incombustible  and  non-conducting  materiaL 

B  TRANSFORMERS. 

^p       75.  If  high -pressure  transformers  are  brought  into  a  building 
I     they  must — 

(a)  together  with  their  switches  and  fuse-boxes,  be  con- 
tained in  fire-  and  v^ter-proof  structures,  and  be 
accessible  only  to  authorised  persons  ; 
(6)  be  so  protected  by  suitable  apparatus  that  a  leak 
between  the  primary  and  secondary  coils  shall  cut 
the  transformer  out  of  circuit  \ 
[c)  not  mider  normal  full- load  exceed  a  temperature  of 
J7o^  K 


1 
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76.  Low-pressure  alternating  transformers  or  choking  coils 
must  conform  with  paragraphs  71  (a),  (6),  and  (d),  and  their 
temperature  must  not  exceed  170°  F. 


ELECTRIC  COOKING  APPLIANCES,  RADIATORS 
AND  HEATERS. 

77.  These  appliances  must  be — 

(a)  so  constructed  and  mounted  that  heat  cannot  be 

conveyed  to  their  supports  and  connections,  pre- 
cautions being  taken  with  regard  to  their  sur- 
roundings as  in  the  case  of  non-electrical  heating 
appliances  ; 

(b)  protected  by  a  fuse  and  switch  in  both  conductors, 

subject  to  Rule  5,  connectors  being  so  arranged 
that  the  Hve  end  of  the  coupling  is  not  exposed  to 
accidental  short-circuiting  or  injury. 

TESTING. 

78.  The  insulation  resistance  to  earth  of  the  whole  or  any 
part  of  the  wiring  must,  if  tested  previously  to  the  erection  of 
fittings  and  electroliers,  be  measured  with  a  pressure  not  less 
than  twice  the  intended  working  pressure,  and  must  not  be  less 
in  megohms  than  30  divided  by  the  number  of  **  points  "  under 
test.  For  this  purpose  the  **  points  "  are  to  be  counted  as  the 
number  of  pairs  of  terminal  wires  from  which  it  is  proposed 
to  take  the  current,  either  directly,  or  by  flexibles,  to  lamps  or 
other  appliances. 

79.  Current  must  not  be  switched  on  until  the  following  test 
has  been  applied  to  finished  work  : — 

The  whole  of  the  lamps  having  been  connected  to  the  con- 
ductors and  all  switches  and  fuses  being  on,  a  pressure  equal  tp 
twice  the  working  pressure  must  be  applied  and  the  insulation 
resistance  of  the  whole  or  any  part  of  the  installation  must  not 
be  less  in  megohms  than  25  divided  by  the  number  of  30-watt 
lamps.  When  all  lamp's  and  appliances  have  been  removed  from 
the  circuit,  the  insulation  resistance  between  conductors  must 
not  be  less  than  25  megohms  divided  by  the  number  of  30-watt 
lamps.  For  the  purpose  of  this  test,  every  arc  light  shall  be 
considered  as  equivalent  to  15  lamps,  and  every  motor  or  heater 
shaii  be  rated  at  one  lamp  per  ampere,  provided  that  no  motor, 
heater,  or  other  appWauce  rcva^  X^e  coTvw^cX^d  to  the  supply  of 
eiectrical  energy  unless  tVve  msxA-aXivoYv  ol  "Ocv^  ^-axXs*  Q:ax\:^\N%^^ 
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current  measured,  as  above,  is  greater  tlian  500,000  ohms  from 
the  frame  or  case* 

80.  The  value  of  systematically  inspecting  and  testing  appa- 
ratus and  circuits  cannot  be  too  strongly  urged  as  a  precaution 
against  fire.  Records  should  be  kept  of  all  tests^  so  that  any 
gradual  deterioration  of  the  system  may  be  detected.  Clean li- 
ness  of  all  parts  of  the  apparatus  and  fittings  is  essentiaU  In 
testing,  the  negative  pole  should  be  connected  with  the  con- 

I doctor  under  test, 
1      81*  No  repairs  or  alterations  may  be  made  when  the  pressure 
nt 


EXPLANATION    OF   TABLE- 


82.  Coiumns  i  and  16  give  the  size  of  the  conductors  in 
common  use.     Cables  are  shown  thus  :^i 9/16,  viz.,  19  wires  of 
*  number  16  standard  wire  gauge,  or  i9/"o82",  meaning  19  wires 
^    each  of  which  is  ^082  inch  in  diameter, 

^^      83.  Column  2  gives  the  section  of  the  conductor  in  square 
^Enches. 

^P       84,  Column  5  gives  the  minimum  thickness  of  dielectric  as 
■     defined  in  paragraph  25  on  vulcanised  rubber  cables. 

85.  Colnmn  4  gives  the  minimum  thickness  of  dielectric  on 
fibre-covered  cables  which  require  to  be  lead-covered^  viz.y 
cables  of  Class  B.  Special  cables,  such  as  twin  or  3- core 
cables,  are  not  included  in  this  column. 

86.  Column  5  gives  the  safe  radiEil  thickness  of  lead  in 
decimals  of  an  inch  for  cables  of  Class  B.  This  column  does 
not  apply  to  vulcanised  rubber  cables  which  may  be  lead- 
covered, 

87.  Column  6  gives  the  maximum  current  for  wires  insu- 
lated with  vulcanised  india-rubber  laid  in  position  wntbin  the 
mechanical  protections  allowed  in  the  Rules,  when  the  external 
temperature  is  higher  than  loo"*  F.  The  cmTent  for  any  con- 
ductor under  these  conditions   may  be   calculated  from   the 

^^formula  : — 

H  Log  C  =  0775  log  A  +  0301, 

H  C  =  2  A^77s 


¥ 


(where  C  =  current  in  amperes,  A  —  area  in  i,oooths  of  a  square 
inch). 

The  maximum  rise  in  temperature  will  be  about  10  degrees 
Fahrenheit  on  large  sizes. 

88,  Column  7  gives  the  maximum  current  allo^^ble.  m  '^xv>^ 
tuation  for  conductors  insulated  with  vu\cam^e^  t^\iex  N4\«sv 
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laid  in  positions  within  the  mechanical  protections  allowed  in 
the  Rules  when  the  external  temperature  is  normal.  The  maxi- 
mum current  for  any  conductor  may  therefore  be  calculated 
from  the  formula — 

Log  C  =  082  log  A  +  0-415, 
or  C  =  2-6  A°82 

89.  Column  8  gives  the  total  length  in  yards  of  lead  and  retnra 
of  each  size  of  conductor,  causing  a  drop  of  i  volt  when  trans- 
mitting the  current  shown  in  Column  6. 

90.  Column  9  gives  the  current  density  in  amperes  per  square 
inch  corresponding  to  Column  8. 

91.  Column  10  gives  the  maximum  allowable  current  with 
lead-covered  cables,  allowing  a  rise  of  about  20°  F.  on  large  sizes. 

92.  Column  II  gives  the  total  length  in  yards  of  the  conductor 
(lead  and  return)  for  one  volt  drop  when  the  current  in  each 
conductor  is  that  given  in  Column  10. 

93.  Column  12  gives  the  minimum  insulation  resistance  with 
vulcanised  rubber  in  mile-megohms.  These  insulation  resist- 
ances correspond  approximately  with  those  of  ^^300  megohm 
grade"  cables  having  a  specific  insulation  of  1*4. 

94.  Column  I J  gives  the  minimum  insulation  resistance  which 
is  advisable  in  practice  for  fibre-covered  cables  lead-covered.  The 
insulation  resistance  between  the  members  of  twin-conductors 
should  be  not  lower  than  the  corresponding  insulation  resist- 
ances in  the  Table. 

95.  Column  14  gives  the  resistance  in  Board  of  Trade  ohms 
of  the  conductor  per  1,000  yards. 

96.  Column  IS  gives  the  weight  of  copper  conductors  of  the 
gauge  given  in  lbs.  per  1,000  yards. 

DEFINITIONS  OF  CERTAIN  TERMS   USED  IN 
ABOVE   RULES. 

97.  Bunching  of  Conductors. — Conductors  are  said  to  be 
bunched  when  more  than  one  is  contained  within  a  single 
duct  or  groove. 

98.  Diclednc. — A  dielectric  is  any  material  which  by  its 
nature  or  the  method  of  its  application  to  a  conductor 
permanently  offers  high  resistance  to  the  passage  of  current 
and  of  disruptive  discharge  through  itself. 

99.  Earthed  Conductor, — A  conductor  is  said  to  be  earthed 
when  it  is  metalUcaWy  cowtveel^d  7^  oue  or  more  points  to  the 

general  mass  of  the  eartYi. 
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100.  Linked  Switches. — Linked  switches  are  single -pole 
switches  iixed  on  conductors  of  different  polarity  Hnked 
together  mechanically  so  as  to  operate  simultaueousiy* 

101*  Ncidral  Condudor. — The  neutral  conductor  of  a  three- 
wire  system  is  the  conductor  which  is  at  a  potential  intermediate 
between  the  potentials  of  the  outer  conductors,  and  is  common 
to  all  consuming  devices, 

102,  Oukr  Conductor.— ^h^  outer  conductors  of  a  three- wire 
system  are  those  between  which  there  is  the  greatest  difference 

H  of  potential. 

H  NqIc. — This  specialised  use  of  the  word  *^  outer  ^'  must  not 

^^  be  confused  with  the  non- technical  use  of  the  word 

^^^L  when  applied  to  the  conductor  of  a  concentric  main 

H^B  which   physically  surrounds  the   other  conductor  or 

■  conductors  of  such  main. 

103.  Single-paid  Swtklies. — Single-pole  switches  are  switches 
interrupting  one  conductor  only  of  a  circuit, 

•  104.  Thvec<mr€  Syslcm, — A  three-wire  system  is  one  in  which 
three  conductorii  are  maintained  at  different  potentials,  the 
conductor  at  a  potential  intermediate  between  the  highest  and 
lowest  being  common  to  all  lamps  or  other  consuming  devices 
supplied  from  the  system. 

105,  Uninsulated  Conduciot\~A  conductor  is  said  to  be 
uninsulated  when,  although  not  metallically  connected  to 
earth,  no  provision  is  made  by  the  interposition  of  a  dielectric 
or  otherwise  for  its  insulation  from  earth. 


APPENDIX, 

The  data  for  the  resistances  and  weights  of  copper  con- 
ductors are  based  on  Matthiessen's  standard  as  defined  by  the 
Committee  on  Copper  Conductors  in  1899,  as  follows  : — 

**  Copper  weighs  555   lbs.  per   cubic  foot  at  60^  F.     Its 

specific  gravity  =  8*912. 
*^  Weight  per  mile  in  lbs.  =  20,  350  x  area  in  square  inches. 
**  Weight  per  yard  in  lbs.  =  11,  5635  x  area  in  square  inches. 
"  The  temperature  coefiicient  —  0-00238  per  degree  Fahr., 

or  0*00428  per  degree  Cent.  =  0*07664  between  32°  F. 

and  60°  F. 


I 


**  A  lay  of  twenty  times  the  pitch  diameter  is  adopted  as  a 
standard,  and  the  resistance  in  parallel  of  the  wires  is  taken  as 
the  resistance  of  the  cable. 
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"The  resistance  of  annealed  high  conductivity  commerciE 
copper  at  60°  F.  is  : — 

"  Resistance  per  cubic  inch  =  0*00000066788  standard  ohm- 
**  Resistance  per  cubic  cm,  =  0-00000x69639        „  „ 

**  Resistance  of  100  inches 

weighing    100   grains  =  0*150158  „  „ 

"  The  resistance  of  hard-drawn  high  conductivity  commerci 
copper  is : — 

"  Resistance  per  cubic  inch  =  0*000000681327  standard  ohm 
"  Resistance  per  cubic  cm.  =  0*00000173054  „  „ 

"  Resistance  of  100  inches 

weighing   100    grains  =  0*153181  „  ,, 

The  above  formulae  give  the  standards,  but  a  variation  0 
2  per  cent,  in  resistance  or  weight  may  be  allowed  for  losses  in 
manufacture. 
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Condensed  water,  29,  30 
Conductivity,  20,  Appendix 
„  of  joints,  36 

Conductors,  18-44 

„  at  back  of  boards,  58 

„  bunching  of,  4,  97 

„  concentric,  3 1|  32 

„  earthed,  99 

flexible,   34,    42,    53, 
6s(d},6^(b),  78 
„  heav)%  connection  of, 

44 
,j  lead  co%xrcd,   24  (/'), 

26,  43 
Connectors,  50-54,  77  {b) 
Cooking  appliances,  77 
Coppt;r,  20,  21,  22 
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^H              Covers,  fuse,  46  (d) 

Flux,                                          ^^H 

^H                   „      resistance,  7:  (a) 

Flyings,  70  (cf)                            ^^M 

H                  „      switch,  45  ie) 

Frames  for  resistances,  71  (d)        ^H 

^M 

Fuse  board  case,  46  (d)                    ^| 

^m 

Fuses,  6^  7,  8, 10,  16,  17,  35,  42, 4dJ^| 

^m              Damp  place,  13,  29,  30,  37,  41,  43, 

47,  48,  49,  51,  sSf  60,  67,  70,  74X 

■                 50. 7o(«) 

75'  77                                         ^ 

^M              Decentralisation  in  cables,  25 

Fuses,  cover  for,  46  (d)                  ^H 

^H              Dielectric,  34,  98 

„     double  pole,  47                     ^H 

^H                       ,T        deiinitioni  9S 

„     on  arc  circuits,  67  (f)            ^H 

^H               Distributing  centre !j,  3 

„     on  regulating  cell  leads,  74^| 

^H              Distribution  board,  56 

,j     on  3'phase  systems^  lo        ^| 

^H              Distances  from  woodwork,  &c,,  of 

„     on  3 -wire  systems,  6             ^M 

^H                  dynamos,  &c.^  70  (b) 

testing,  46,  48                ^^^H 

^H              Distances  from  woodwork,  &c,|  of 

^^^H 

^B                  resistances,  71  ((/) 

^^^1 

^H               Distances  from  woodwork,  &c*j  of 

G^iSj  inflammable,  67,  69,  70  (t/)     ^U 

^H                   transformers^  76 

„    pipes  and  fittings,  15,  16,  63," 

^H              Double-pole  fuses,  47 

64                                                ^ 

^H              Drop  of  volts,  19,  22 

Gauge  of  wire,  21,  34                      ^H 

■              Dust,50,67(/),69,7o(rf) 

Gauice,  Wire-^  70  (J),  71  (6)             ^| 

^B              Dynamos,  &c.j  70 

Gearing  for  dynamos,  &c.,  70  (d)  ^M 

^H 

General  aiTangement,  3-17             ^| 

^B 

Globes  (arc  lampsji  67(a)              ^H 

■             Earth,  5,  H,  9,  16,  29,  32,  65(6) 

Grouped  fuses,  14                   ^^^^| 

■                70(499 

■ 

^H              Earthed    frame  of    dynamo^  &c., 

■                                   70  (^) 

Handles  of  switches^  45  {g}      ^^^H 

^1                            outer,  32 

Heaters,  77                                     ^H 

^H              Earthing     device     (transformer), 

Heating  in  conductors,  18,  23        ^^t 

■         75  (e>) 

fuses,  46  (a),  48             ^M 

^H             Elbows,  29 

joints,  35                       ^1 

^H              Electroliers,  61,  78 

„          switches,  45  (a)            ^H 

^B              Enclosed  dynamos,  &c  70  (d) 

^H 

^M              Explosive  atmosphere,  67{/),  69^ 

l^l 

■                  70(d) 

Incandescent  lamp  holders^  68      ^H 

^^^^        Exposed  ends  of  cables,  30 

Incandescent  lamps,  68                   ^| 

^^^K 

Inflammable  material  near  lamps. 

^^v 

67  (/),  68,  69                                 ^ 

^V             Fibre,  23,  24(6X25,  26,  2S,  30,  42,  43 

Instruments,  59,  60                         ^| 

^H              Fire  ofiice^  ^ 

Insulation  of  batteries,  74                ^^t 

H              Fittings,  gas  (adapting),  63, 64 

„         of  conductorSi  23^34      ^U 

^H                            portable,  54 

test,  78                              B 

^1                    „        (wiring),  21,  34,  61,  62>  78 

^m 

■             Flexibks,  34, 42, 53,65 (dh 68(&),  78  ^ 

flH 

^H                    1,        (high  pressure  test);  34 

Joint-boxes,  35,  37                    ^^^H 

^H                    „        joix^ts   with   permanent 

Jointing,  37,  38                          ^^H 

^H                                 wires,  38 

Joints,  35-38,  62                        ^^H 

^H             Floor  plugs  (5(?i?  Connectors),  50 

f,     between  flexibles  and  wires^l 

^H            F/oors,  40                                           \ 

'  _3 

INDEX  TO   WIRING   RULES. 
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p  holders,  46  (tr),  65,  66,  66 
„       switch,  66 
shades,  68 

,,      celluloid^  68  (a) 
mps,  arc,  67,  8 1 

incandescent,  68,  69^  79 
of  Nernst  t>*pe,  69 
Lelh  terns  (arc  lamp),  67 
Lead,  24(6X43 

t-eadiog-in  wires  (arc  lamp),  67  (d) 
Linked  main  switches^  5, 10,  100 
Linked  switch,  definition,  100 
-ive  conductors  not  to  be  repaired, 

81 
E-ugs,  44 

M 

iain  fuses,  6,  7,  8,  9,  10,  17 
,,    switches,  5,  7,  8,  9,  10,  13,  17 
,,    switches  on  3-phase  circuits, 

10 
„    switches  oil  3* wire  systems,  5 
[atthiessen's  standard,  20 
oisturc,  13,  29,  30,  37,  41,  43,  50; 
70(a) 
Motors*  70 
otor  resistance,  71 

N 

(Jail  resisting,  39 

Jernst-type  lamps,  69 

leutral  cond  actors  definition!  10  l 

^oticesi  6 

^o- voltage  release,  70 


atcr  conductor,  definition,  102 


'  insulation^  23^  ^4  Wt  ^5*  26, 
S,  30,  42 
Pendants,  34 

plaster  :  Casing  buried  in,  41  (a) 
Ceiling    roses  fixed   on, 

55(c) 

,,         Gond uclors  burwd  in,  39 


Plugs  {Mt  Connectors),  50 
Points,  78 
Porcelain,  34,  40 
Portable  fittings,  34,  54 
Primary  batteries,  73 


Radial  thickness  of  insulatioui  25* 

34 

Radiators,  77 
Records  of  tests,  80 
Regulating  cells^  74 
Repairs,  81 
Resistance  coils,  yt 

„         frame  or  case,  71  {«) 
Roses(ceUing),  46(c),  55 
Rubber,  23,  24  (a),  25,  26,  29,  34 
„        cord  conductors,  34 

S 

Sealing  cable  ends,  30 

Shades  (lamp),  68  {a) 

Sheathing,  12,  z6,  29 

Singlc-poIe  switch,  definition,  103 

Solder  flux,  36 

Soldering  conductors  into  Jugs,  44 

„  joints,  36 

Standard  conductivity,  20 
Standards,  61 
Starting  gear,  70  (/) 
Steam  test  for  flexibles,  34 
Stranding,  21 
Sub-centres,  3,  4,  8 
Sub-circuit,  3,  8,  34 
Sulphur  in  insulation,  20 
Switch  in  neutral  wnre,  5 
,,      lamp  holders,  66 
,)      linked,  uuiin,  5,  10 
Switcliboards,  56-60 
Switches,  5,  7,  9,  to,  13,  17,  45,  56, 

66,67(4  70(e) 
Switches,  linked,  definition,  too 
Switches,    single-pole,   definition, 

103 


Table,  at  end 

Tape,  2^(^a\2^,^l,i,Tj 


84 
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Temperature  of  fibre  lead-covered, 
23^25 
„  resistances,  71  (c) 

„  rubber,  23, 25 

„  transformers,  75(c) 

76 
Test  of  cable,  concentric,  31, 32, 33 
„     for  flexibility,  27 
„     for  high  tension,  27 
„   .  for  insulation,  27,  78 
connectors  or  plugs,  50 
flexible  at  1,000  volts,  34 
fuses,  46  (6),  48 
insulation   of    a    system, 
78-81 
„      switches,  45  (b) 
Thickness  of  insulation,  25, 34 
Three-phase,  10 
Three-wire,  6,  102 
Three-wire  system,  definition,  104 
Tinned  copper,  20 
Transformers,  high  pressure,  75 
„  low  pressure,  76 

Tubes,  12,  29,  40,  61 


U 

Uninsulated  conductor,  definition, 

105 

V 

Ventilation  of  accumulator  rooms, 

73 
„         of  dynamos,  &c.,  70  (d) 
„         „  resistances,  71  (6) 
Voltmeter  fuses,  60 
Volts  (250  and  upwards),  i,  11,  12, 

45  {/)>  70(c) 
Volts,  drop  in,  19,  22 
Vulcanized  rubber  (see  Rubber) 

W 

Wall  plugs  {see  Connectors),  50 
Water  pipes  (casing  below),  41  (c) 
Waterproof,  30,  37,  43,  55 
Wire  gauze,  70  (rf),  71  (6) 
Wires  for  fittings,  34 
Wood  casing,  41 

Woodwork    near  dynamos,    &c., 
70(b) 


>ucTORs  Insulated  and  Laid  ix  Casing  or  Tubixg. 


11. 

12. 

13. 

14. 

IS. 

le. 

'olt  drop. 

tal  length  in 
irds  of  lead 
d  return  for 
-volt  drop 

ol.    7   and 

Coi.  lo). 

Insulation. 

. 

Insulation. 

Minimum 
insulation 
resistance 
for  rubber. 

Mile-Mcgobms. 

Minimum 
insulation  re- 
sistance vdth 
thickness  of 
dielectric  of 

Column  4 
for  Class  B. 

Conductor 
resistance  in 

ROT. 
standard  ohms 
per  1,000  yards. 

Weight  of 
copper  in  lbs. 

1,000  yards. 

Number  of 
wires  and 

^.G.or 
inches. 

Mile-Megohms. 

i8 

1,200 

300 

13-28 

20-93 

1/18 

i8 

1,200 

270 

I318 

21-62 

3/22 

19 

1,200 

270 

9-762 

2848 

1/17 

^9 

1,200 

250 

7972 

3575 

H^ 

20 

1,200 

250 

7-47^ 

37*2 

I/16 

M 

800 

230 

5904 

4709 

I/15 

21 

800 

220 

5-636 

50-36 

7/22 

21 

800 

220 

4*784 

58-13 

I/14 

22 

800 

200 

4-482 

63-52 

3/18 

23 

600 

180 

3-41 

833 

7/20 

-5 

600 

160 

1-918 

148 

7/18 

27 

600 

140 

1257 

2263 

19/20 

28 

600 

140 

1080 

263-1 

H'^ 

30 

450 

120 

07074 

4022 

19/18 

31 

450 

120 

06903 

411*1 

7/14 

32 

450 

120 

•490 

580 

7/-095;; 

32 

450 

120 

•488 

59^0 

19/058 

33 

450 

IIO 

•3981 

714-8 

19/16 

36 

300 

100 

•2547 

1,117 

19/14 ,. 

36 

300 

100 

•244 

1,182 

19/082' 

3« 

300 

90 

•2045 

1,393 

37/16 

f   38 

300 

90 

•194 

1,488 

I9/-092" 

39 

300 

90 

•160 

1,781 

I9/-I0I" 

"     39 

300 

90 

•163 

1,776 

37/-072" 

•j     di 

300 

90 

•1507 

1,888 

19/12 

■      42 

300 

90 

•1309 

2,176 

37/^4   ,, 

"i    40 

300 

^ 

•125 

2,303 

37/-082" 

■^  42 

300 

80 

•09795 

2,907 

61/15 

7    40 

300 

80 

•0997 

2,900 

37/092" 

^3 

300 

80 

•0827 

3,494 

37/101" 

'^S 

300 

80 

•07937 

3,589 

61/14 

■     4 

300 

80 

•07744 

3,678 

37/12 

'■     . 

300 

80 

•0697 

4,145 

37/-IIO" 

J      ' 

300 

80 

•0606 

4,772 

37/-II8" 

300 

80 

•0605 

4,7«i 

61/092" 

300 

80 

•0502 

5,762 

6r/-ioi" 

"!    ^ 

300 

80 

•04697 

6,065 

61/12 

300 

80 

•0423 

6,836 

6i/-iio" 

■    :               C 

300 

80 

•0405 

7,134 

9I/-092" 

;  \     ; 

300 

70 

•0357 

8,0CM 

9I/-09H" 

300 

70 

-0336 

8,597 

9i/-ior' 

t 

300 

70 

-0317 

9,115 

91/104" 

1          I 

300 

70 

•0283 

10,200 

91/110" 

[ 

300 

70 

•02530 

11,256 

91/11 

1 

300 

70 

-0246 

11,740 

91/118" 

300 

70 

•0239 

11,910 

I27/-I0I" 

\ 

lare  re  absolutely  correct  figures  which  w()\i\d  Vni  ^t)MV\Ci  V^'^  cAcv^'a^^'^'^ 
fxpenoWed  in  supplying  a  multiplicity  ol  odd  »VAtft  ol  vj'uii. 
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UNION  GABLE  COMPANY 


LTD., 


23,  College  Hill,  LONDON,  EX. 


M 


ELECTRIC  CABLES  AND  WIRES 
OF  ALL  KINDS. 


CALMON  ASBESTOS  SLATE 

THE   INSULATING    MATERIAL  FOR 

Arc  Shields,  Junetioa  Cases,  Fuse  Cases, 
Switch  Boards. 


SOLE    mANUFACTLRER5  : 


CALMON  ASBESTOS  &  RUBBER  WORKS, 

6,  SHEPPY  PLACE,  MINORIES,  E.C. 

Manufacturers  ot  Electrical  Asbestos  and  Rubber  Qoods. 


WORTHINGTON  PUMPING  ENGINE  CO., 

153^  Queen  Victoria  St.,  Londoiiy  E.G. 


WORTHINGTON  NATURAL  DRAUGHT  COOLING  TOWERS, 

CAPACITY  44,000  LBS-  PER  HOUR. 

STUTTGART  T1l&1AWkX%. 


VULCANIZED 


5* 


FOR 

HrOH    . 

TENSION 


OR 

LOW    .    . 
TENSION. 


Manufactured    by 


isiDOR  FRANKENBURO,  limited, 

Greon^mt*    Rubber   and   C&blo   W«rk», 

SALFORD,    MmncheBten^ 

LONDON  :—fZga,  Qttefa  Victotim  St.,  B.C.       GLASaOW.'-62,  Robettton  S t. 
NBWCAS rLE'Upoa^TYNB T—Atttloa  Buitdtagm,  St,  Jsm^s  St. 


CLARKE,  CHAPMAN  &  CO.,  LTD., 

GATESHEAD-ON-TYNE. 

Msrnifactuters  of  Nigh -Speed  Btij^tnes, 
Simple  A  Campoundf  Open  TypeS  l-n closed  Se!f- Lubricating. 


Combined  Flanu 

for  SJi I  p- Lighting 

a   Speciality, 

On  Admiralty 
Lilt* 

Projectors  of 
all  Sizea, 

L«nfi«B}   Mlffors. 

Con  trac  Cora 

to  the  Admiralty 

and  War  Offlco 

and   Foreign 

Govern mflnts  for 

aboi^e. 


Dynamus  and  Motors  for  DinEtiT  Curkent  and  for  MutTtf>HA3E  Alternatinc  Ourhent. 

EUCTRrO  WlNGHES,  WlHDUiSES  AKD  CAPSTANS  FOR  SHIP'S-DEGK  UsE  AND  FOR 
USi  m    ^HrpYABDS,    AHD    COMPU-Tt   VHST^VVK^SW^  W  tvt^TWS    POWER    TRANSMISSION 


170  electrical  engineer  sbould  be 

without  the  Standara  Reference 

Book,   the   6.€.C.  Complete 

Bound  Catalogue,  1902-^. 


Electrical  Suppllea 

Cables  &  Wires 

Ir^struments 

Aro  Lamps 

TractiDfi  Supplies 

Plant 

Heating  &  Qaoking 

Sells 

Telephones 

Electro>Medical 

Fixtures  &  Glassware 


(S)  80 

m  B7 

(M)  41 

IE)  112 

(T)  16 

(P)  37 

(H)  24 

(L)  \m 

(K)  9T 

(0)  33 

(F&C)273 


pages 


ELECTRIC  CO.  LTD., 


If  you  have  not  f^ot  a  copy^  write 
for  tine  tti — 

Tip     OUEEM     VICTORIA 
STREET,     E.G. 


L.  M.  ERICSSON  &  CO.,  LTD., 

Etectricai  Engineers, 

154-6,  TEMPLE  CHAMBERS,  TEMPLE  AVENUE,  LONDON,  E.C. 

Stockholm  and  St.  Petersburg. 


Telegraphic  Address ; 
*BtHCSSON, 

LONDON.*' 

Tehphoae : 

U4U  HOLBORN. 


Makers  of  TELEPHONE 

and 

TELEGRAPH  APPARATUS, 

FIRE   ALARMS   and 

TESTING 
INSTRUMENTS,   &c. 


CATALOGUES   AND 

ESTIMATES  FREE. 


BUYERS'   GUIDE. 

Bejjigi  &  Olassifed  Index  of  Names p^  Addresses,  and  SpecialitieB  of 
AdvertiBing  in  this  Journal, 
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Ek*ctritnl  Power  Sfcoragc  Co,f  Ltd, 

ILamtott.  EC 

Hart  A[:cumu1atar  Co.,  Ud,...Stratfprd,  E-, 

Lonfistrtth^^  Ltd.  ^,. ,,..,. ....„Lcndofi,  W.C. 
Aitematorfl,  Single  und  M ultiphau — 

Ft-rrniiU  Linutid     ...... H ol {i f in'ood,  Ltiric^ 

A;o  Lamp  Banufaotunn — 

BraiiliKp  G.    k„,,, ,^„, ^.Lomiifn^  E.C^ 

Brotkje-Pell  Arc  Lamp,  Ltd.  Lmtdott,  K.C. 

JohDson  &  Phillips     ,,.0/d  CharttQff,  Kent 
Aibftitot  uid  Rultbea'  Go^i— 

Ciilmoti  Asbesdos  Hubbtr  Works 

ILoifd&u,  E.C. 

Untttd  Asbesto!!  Co.,  Ltd.    ...loitdoti,  £,C. 
AflbevtoB  Slate — 

C9.9mon  Asbestos  kuhber  Works 

Automatio  Ooiniaiitatoi  Qnader— 

Phillips,  J  ,  &  Co.    „, ......lortdoftt  S.E. 

Batteriflft— 

Klecttical  Power  Storage  Co,,  Ltd. 

ILondoH,  E.Cr 
Hart  Acciim.iil£itor  Co.,  Ltd..,. Striti/ardi  E, 
lodia  Rubber,   Gutta   Pencba,  and  TcifS 

j*raph  Works  Co.,  Ltd London.  ^^X^ 

LLinj^&trulbs,  Ltd.  ,,„., ^,,, London,  W.C. 

Bemtft  binilation— 

KiicidaU  Brcwi. ,,„Loudeii,  EC 

Cable  Junotioji  wid  Fov  Boxea— 

Fe rra  1 1  Li  Lini  i  led  .,,,...,,  Hallinuvodt  La  fins 

Cable  XanuJaotuKni — 

Frankenburg,  Isidor^   Ltd. 

[^al/itrd,  Maiichisti'r 
India   Rubber,  Gutta  Percba^  and  Tele- 
graph Works  Co,,  Ltd. ...... Londottt  E.C. 

Inbnsop  &  PhiJJips   — OUl  Cifarltoii 

Biidd^utschc  Kab<clw«rke  A.-G.    Gentmny 
Union  Cable  Co,,  Ltd, London,  EC. 


iwnt  diks  noi  appiHr  in  this  Issn^J) 


H 


ig 


t4 


j6 


BrauHk,  G.  ^,L0ndont  E.C, 

Hams,  J.  F.  &  G .Londcn,  EC 

Cdndmt  XKnufactomra — 
Simplex  Sttcl  Conduit  Co.,  Ltd, 

ILondiyn,  E.C. 
Oe/aAmt  Tub«fl  and  FiEtin,gs — 
New  Biotherlon  Tube  Cu.^  Ltd. 

[  lVott\rhaml^ion 
Oontm&tora  for  Electric  L^lntinx— 

LStitLkii-Pcll  Arc  Limip,  Ltd.    Lotidont  EC 
Cooling  Towera^ 

Wortbin^ton  PumptniJ  Engine  Co. 

iLondoti,  E.C 
Camper  "WirB — 
Smith,    Frtiderick    &    Co.,  W^irc    Manu- 

Uic  I  Lire  rs,  Ltd. Sal  ford,  Mmi  ch  estfr 

Oavvred  Wiz^— 

Henley's,  W.  T^,  Telegraph   Works  Co , 

Ltd.    .,,.,,...,,,.,.+., „.„^,.Lmidi}n,  EC 

Silddentsche  Kabeiwerke  A.-G.    Gt^rnuiny 

QtVI9M— 

Waygood  &  Otis,  Ltd. ..Lotuiatt,  S.E. 
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I 


Dick,  Kerr  &  Co.,  Ltd Londi:>n,  EC. 

India   Rubber,  Gutta  Percha,  and  Tele- 
ftraph  W^orksCo.j  Ltd ..Lctndan,  EC^ 

"RlikHtwa  HeiLTUlff — 

Isenthal  &  Co    ,.„.„.,„.,..., <..X<?ft<iuii.  W. 
Elfiotilo  Intanor  Con^uiti — 

Simplex  Stee5   Conduit  CiJ.,   Ltd. 

iLoTidon,  E.C. 
Electric  Inyentiotti— 

GrcviUc  Electric  InveiUtons,  Ltd. 

iLondon^  EC 

WsigotKl  &  Otis,  Ltd ,.L&mimt,  S.E. 


I 


The  United  Asbestos  Co.,  Limited 
DOCK  HOUSE,  BILLITER  SL,  LONDQN,  E.C- 


Con traatofi  to  tfia  AdrntrMtt^.       Ftonmr^  of  tfiB  Aibestoa   Tfids. 

Manufacturers  of 
AsbastOB  Goods  of  all  kinds.         X  Ck 


V 


k*** 


Asbestos  Gompositbns  aqd  RemoV' 
able  (Nonconducting  Coverings 

A  B  FECIAL  ITT. 


^' 


OILS  AND 
GREASES 


Vx     fOR  CYLINDERS,    CAS 
ENGINES,  DYNAMOS, 
FORCED  LUBRICATION,  &c. 


ENGINEERS'  STORES, 
FITTINGS,  &c. 

OF  EVERT  DESCSirriDN.      X  >■  "V 

^       ^^^^jy^  Speclnl  attention  g;iv«n  to  Central  Station 

%L^^T^^^    Requiromenta.     Oils  Tflited   by  an  Exparienred 
^^  j^^   Engineer  and  adjusted  to  suit  different  condltJona 
^^  ^^r    of  workln^H,  Ittataut  Qeltverr  from.  Larfa  Btiriik. 

^^^^^^       Brancfittft  i    KAKCB:EaTEB,  JJTEEFOOL,    0LABGOW, 


Tel«|iliette,  aVTa  JC^ESXITL 


LONOOH  t 


'  tL'GKEXt^^,AJaii;Ut£«.r 


FREDERICK   SMITH   &   Co., 


©teel  &.  Iron  Wir*   Mill*;  Ce?*>^r   W.llit 

CALEDONIA  WORKS,  ANACONDA  WORKS,  SALFORD, 

HALIFAX.  MANCHESTER. 


I 


r 


SPECIALITIES: 

EST  GALVANISED  IRON  TELEGRAPH  LINE  WIRE, 

To  all  Specifications,  100  lb.  piec^^. 

HIGH   CONDUCTIVITY  COPPER  WIRE. 
HARD-DRAWN  H.C.  COPPER  I*INE  WIRE. 

FOR  TEUCRAPH  I^IH)  TEUPHOIIE  UNCS. 
In   Long   L»ngths.        Gu«ranls«d   Tests. 


Sfiaelatlj  Prsparoil.     Reot«4  sdiI  Tested. 

For  Lightning  Conductors,  4^c. 
PATENT  STEEL  WiRE.        STRAND  AND  STAY  WIRE. 


Saddeutscfie  Kabelwerke  A.-G.,  Mannhtim, 


0£:r]mkan^y. 


INSTRUMENT  WIRES 

Copper,  German  Sliver,  Maganinp  Nlckelin, 
Kruppin    or    Constanten    Wires,    Silk    or    Cotton 

Covered. 


BUYBRS*  t^XJll^m—afniimied. 


HmBufuturartj)— 
Cnnttidl  ;in<l  ln;*uTa.lion  Co.,  Lid. 

£l««tdc    Lunpi.    Kftken    «f    i^bertMEi 
Laupi,  iUfvliI  Jkiv  ^m^i,  ftte  J— 
General  Klcttrk  Co  ,  Ltd. 

SlHtrio  KflVflltiM— 
Grcvillv  l^k^:tf^c  Iaicntion$»  Ltd, 

llotitftw,  E.C.    15 
El««tdQ  Wirt  uid  Cabin- 
Con  nolly  liros.,  LttL  Rliicki€y,Hanch<citct     ii 

KraLnk«nbui|4,  ULdoi,  l^d ,. Saif\>rd      j 

GlovCT.  W.  T  &  Co,.  Ltd. 

[Trafarti  Park,  Mattchatcr      i 
UtnWv'j.     W.     T.,      Tekfiraph     Works 

Co,.    Ltd,  .   .,..H....„**.. Inrtii(?it,  £.C.     18 

Hooper's    Tdc^rapb    iUld   India   Kubber 
WorksH  Lld..„. „;.,.„.. „„„.l.dffrftfH»  £X".     13 

tohnsjtn  *  phVESipfl Ohi  Ch^riiaii,  Kent     io 
Jn  ion  C;i  b]  e  Co  .  Lid.   ,.. .    h  . .  Londo  u.E.C.      a 
ElHtriciftl  Coadaits^ 

Conduit  aud  InsiiLulloi;  Co,,  Ltd. 

Ajill-Mbrator,  Ltd ..Croj^fiHi     ij 

Brockii?  Pell  Arc  Lamp^  Ltd-    Loviitm,  EC^      9 
Conduit  ;ind  iDHuLaUoo    Co.,   Ltd. 

J  tondQH,  $,  W.      7 

Phillips,  J.  &  Co. ...,.,.imi*YiJ(^  S.£,     14 

l^eatrical  £iigui9erH  iad  Contr&ctori — 

Clarke,  T.,  ^  Cu l-cud^u.  S\l\ 

Elec^dl  Qtnermton&nd  Holora^  Gontinuoul 
Cnmoit,  uid  ]tiilti|»liiiie— 
Clarke,  Chapiisao  ft  Ci.)..  Ltd. 

[Gay!tln:ad'<}n'Tyiie      3 
Electrical    Plant,    Va]c«n    af    (Pfil^irbuc, 
8ing:lc^-pkaB«  and  Oontinuaitt  Cmrent) — 
GcncTiil  Eki^tric  Co.,  Ltd. 

iLmdm,  E.C.      4 


£li»rb-ical  6uppliei«    Maken   of  (Fittiiip, 
Accuvoriei.      Switebboards,     Hea-trng 
Teleptonef,  BeEat  v^- ) — 
Geneial   Elfclrle  Co.,   Ltd. 

lUudm,  E.C, 

Sbotrioal  Bundiiai— 
London   Kl Celtic  Wtie  Co.,   Ltd, 

Entineen'     Stons    (Lubnoaj|«ra>    FnUdlfi. 

LTnilcd  Asbestos  Co,,  Ltd,   ...l^ttdou.  E.C, 
Fui  KaJcraa— 
JanifrR  Kc^ith  &  Bijcfcman  Company,  Lt 

LijihL  James  tt  Son.  Ltd,   ........XiJKrfwi 

H«fttiiif  Enxuiflvra— 
;an>c^  Keith  ife  Blacltman  Company,  Ltd. 
[Lcndan,  E,€* 

Is^axideaAQnt  Eleotrie  Lamp  Va)ier« — 

2urii;ti    lEicantle^cciiL't.'   Lamp  Co, 

{Lotideu,  S.W\ 
Ino&tideifieeit  Iiuupi— 

titiuilik,  tj ,..,,..,,...Loitdiith  EC 

Xnjmlatad  GaUa  Maim&ctitnn— - 

Union  Cab)c  Co.,  Lid l&ndan.EC.     »| 

iDiislatfld  Wir«t— 

Heoley's,      W.     T.,     Telegraph     Works 
Co.,  Ltd.  ....,.,... Ltmdon.EC   iS 

Union  Cable  Co.,  Ltd,   ..London,  EC     i 

Iiiralaton — 

Indiji  Rubber,  GutU  Percha,  and  Tele- 
graph Wotks  Co, ,  Ltd Limdcn,  EC   t& 

Lump  XKkerf--^eetrid  I&euideftCf«Lt — 

Zurich    Iue:indei>i:ehce    Lamp    Co. 

Lifta- 

Waygocid  &  (.lUs,  I-td,,.....,.  Lotidon,  SX 
IimbHeajita  4  Oili  and  {Sreaaea,  He.^— 

United  Aabctloi  Co,,  Ud.   ..^LondmhEC 


IMPROVED    ELECTRIC    WIRING 


By     Means     &f 


STEEL  ARMOURED 
INSULATING  CONDUIT 

—  — ---*■♦ 

BEHOVES  condensation  trouble,  and  prevents  internal  rusting, 
PROVIDES  ft  no  n -perish  able  I  smooth  and  insuiating  interior  surfacOi 
^A  FECI)  AH  PS  Against  olectrlcftl  leakage  or  damage  to  the  wiros  or   cables* 
SUBDUES  ^^^  effeot  of  the  short-circuit  arc  wtiich  may  result^  and 

CHECKMATES  the  carele^  or  incompetent  workman. 

---•— ^ — -■»-♦ 

Wrtta  fk>r  fUH  Pii.Hirculnr«,  Sampl««  Aw%^  Prio«a  f^m 


tKe  MAHuf^olunAr^ 


THE  CONDUIT  &  INSULATION  CO.,  LTD., 
CONDUIT  WORKS,    -'-^^^yotftc.:  ormqnD  HOUSE, 

SUMMEBS  TOVili,  a.^,       «&, QUEEN  VICTORIA  ST.,  EX. 


FmctoricM ; 


"  KOMING,"  U^ndoiv. 
11,  WlmMedon. 


NoiHT  made  for  all  purposas — 

For  Scientific  and  Medical  Work  can- 
not be  excelled,  they   retain  their 
current    for    monthSp    and    are 
entirely  free  from  leakage.        y 

BATTERIE8  OF  ALL  VOLT-  X^^  -SP- 
ACES LENT  ON  HIRE  y  '^T  ^  ^  > 
PEH    DAY,    WEEK,     /^L.'^    rX* 

OR  MOHTH.      />    Y  c^X     Spectaltttes: 

^^     /   90  percent,  efficiency  charge 
^Ci      /    A')''  discharge  in  one  hour. 


ik 


^ 


For  mU  particulars  apply  tQ  Sttio 
Maaafacturera :— 


LONGSTRETHS,    LTD., 

427a,     STRAND,     W  C. 


MOTORS. 


BLAOKMAN . . 

WITH     Oft    WITHOUT  ^BB      JK        Hk    ■    ^^ 

FANS 

For  VonWaUng,  Cooling  Watmr,  e/o. 

60,000  ^^^*^  ^^^^  "V 

in  use.  ^SBkt^^^^        Governments 

Convenient         WK^if^Kk       Leading  Firms 

and  l^HHir       7         threugtiQut 

Economical.         ^^HV^W  the  World. 

30  Highest  ^^^H^^^  ""'''  ^''''^'' 


JAMES  KEITH  &  BLAGKMAN  CO.,  LTD., 

H&Bd  Office : 

27,  FAROIHCDOK  AVENUE, 
LONDON,  E.C. 

worha  :    HOLLOWAY,  H. 


MANCHESTER,  CLA3CDW,  LEEDS, 

BmMINCHAfA  £  LIVERPOOL 


BUYERS*  GUIDE 

PA<>b 
t3 


^ontiimcd. 


LvbrkAliiai  Ml*-- 

Umhl.  |jmtis  &  ScJH,  Lt4 t^wp^l 

IbunfULf  lulrtiiiuatft— 

laenthal&O^ , ...Lmtdcttt,  W. 


Llarku,  Chapman  &  Co.,  Ltd. 

Fetraiitl  Limited     ....../ya^tnwwrf,  ifl*3 


Tai 


Klndiill  Urm. ,,Laji4tm^  EM. 

London,  E.C. 


India  Hubbcr,  GulU  Percha,  and  Tele- 
graph Wurks  Co.,  L,td*.„   .Loirrfofi,  E,C. 

tited'ft  Eti'i:|H,cpJ  Engineering  ^tn J  Supply 
Ox       ,... ....,„...,Ltr«rfiiirt,  JE.C. 


TfllopllOlliBt — 

t£rit£&jn,  L.  M.  &  CcK,  Ltd. 
T«l«pb«ne  Oftbltw— 

HcEik'v's,      W.     T.^     Telegraph     Worki 

L  p./Ltti, .^Xotidoii,  E.C. 

Ttlepbonp  InBtnUiiBiit*— 

KfiLrwwii,  L.  M   t*fe  Co.,  Ltd.    Lonfion.  E,C. 
Tclepbone  8witoh1w«<dJi— - 

Ericsson.  L.  M.  &  Co.,  Lid,     linidijH,  £.C. 


tj 


Han  is,  J.  F.  &  G. .........L&ttthn,  E.C, 

OH*-- 
Li^ht  James  &  Si>n,  Ltd   ,.,^^^.,.Livetf0Ql    12 

WorlhLiigtoti  PumplBg  Ectglne  COr 

Eeiistuifle  Wiffifr-- 
LoijtltMi   fckttflc  Wire  Cu.,   Ltd. 

6«if«b  Lif bt  Pn^Mtom — 
Ctorki?,  Chiipniiin  &  Co^  Ltd, 


I  "Win 


flitk  and  Cottftn  Gomr«d  1 

LontUiK   Elcttric   Wire  Co.,   Ltd. 

[/.aM(?i>H  £.C. 

Solutioiii— 

R^kcidall  Brew ,.„„„^^^^^^^,X0mti>n,  EC 

fifeonfv  Batteriev— 

Electrical  Power  Storage  Co.,  Ltd. 

{Loftdon,  EjC, 
Hart  Accumulaiar C<i.,  LXi±,..StmtJofd.  E^ 
Longatreths.  Ltd.  ..»„*. „*„..*£i?jirfo«,  W*C. 


H4tnl«y\     W.    X. 
Co.,  Ltd.    ,....,. ..,.,£ofwlc»i,  ^.C* 


Telegrapti     Wofki 
£01111 


Hovp-ard  Bros................... ..^Liverpool 

Trutioa  0*b\M  MuiufftctuTCirt— 

Glmer,  \V,  T.  &  Co.,  Ltd. 

[Tmjfani  Park,  ManciiaUr 
Tnwtion  Enfinwr*— 

Dick,  Kerr  &  Co.,  Ltd. ;.<?mf(nt»  EC 

Jfjlmaon  &  Phillips Ci^f  e/MrJ&wj,  Kent 

TMlby  Vic*— 

Smith,    Frederick    &    Co.,    ^Ir*    Manu- 
factnrera,  Ltd.... «.,... So'/^'^fi,  Manchakr 
li^pevriter  Buppli««^ 

The  Typt\\Trter  C«,  .*,,,,, ..„,£«*rffm,  £,C. 

'Hat:  T V pt \v ri t i.t  Co „ X):yudmt,  E. C 

TttntilmtiiLe   Fan    Kaicert    or    Ventilatjuf 


« 


Jrime-^  Keith  <3k  Blackin:ui  C<jmi>anVi  Ltd. 
lLoud3n.  E.C 
TidcaniB«d  Elfidtnv  liighi  Whtm  udA  Ofi.blaB| 
Makers  of — 
KrJoikciitiLirg^  laidor,  Ltd. 

iSai/ord,  Mafinbater 
Wire  Manofafltortri— 

Smithy    Frederick    &    Co.,  Wire    Manu> 

tacturei-ii,  Ltd.. Saif&rdi  Maticitesier 

Siidd^ul^^chc  K^bcLwerice  A.-G.     Gi'rm&ny 


Used  for 
Street  Light!  of 


BROCKIE-PELL 


PATKItT 


London— 

st,  pan c has. 

iNOREQITCtl. 

POPLAR. 

WESTMINSTER* 

HAMMERS  MITN. 

CAUNtL 
lOINSURCH. 
OUiLIN. 

Clasoow, 

uvirpdol 
Manchester. 

AfiHTDN-UNDER-LTIIE, 

BRifiNTON. 

SRISTfflL 

Caeendgk. 

UEII8» 
iOWIlONIlERRr* 

moreoambe. 

Oxford. 

Paisley, 

Portsmouth. 
/  South  Shieios. 
/  Stimuhq, 

j  WomKHAMPTQH, 
&C.,  &€.,  &C* 


m  LAMPS. 

Trade  Mark,  **BROCHlPEL.** 
ARE  UNRIVAilED  FOR 

Low  Cost  of  IWalntenatico. 

Good  Workmanshlpii 

Stoady  Burning. 


"    I 

fhting    I 

4MEJIT  ^_ 
LAMIAS  ^  ^H 
IN.  ■ 


Owneri   of  Falenta   and   Sols   Mbliari: 

Brockie-Pfill  Arc  Lamp,  Ltd. 

LOHDOH,  ^.^. 


lls«d  for 
Interior  lighting 

.  .by 
H.M.  COVERNMEHT 
I  oven  1,300  LAMIAS  ^ 
C.  P.O.  London. 

Mancmestei* 
Leeds. 
Cardiff, 
Nottingham. 
Royal  IWtMT, 
WooiwioH  Arsehal^ 
iMPERtAL  Institute 
Hatidnal  Museum  a 

LtflHARlEa,    DUBilN, 

Crystal  Palace. 
PioptE's  Palace, 
Royal  Exgmance, 

LONDOM. 

Stock  Exonance. 
Royal  Exgmance, 

Manchester, 
Free  Thaoe  Kail^  ,^ 
William  Whiteley. 
O.H.EvAHS&Co.fLo. 

CjfAS.BAK£R&COi,Llk 

CARmNER  £i  QO, 

Jones  Bgos. 
HoRNE  Bros. 
Uw^s  S.Birmingham, 


iX 


JOHNSON  &  PHILLIPS 


City  Oifice : 
N,  UNION  COURT,  LONDON,  E.C. 

TelefTum  for  City  Dilc« : 

JIOIO.  LOlfDOlf . 
K&tioiiii  Telvpiioiie,  1964  London  Wtll. 


VICTORIA  WORKS, 
OLO  CHARLTON,   KENT. 

Telnftiuni  for  the  Worki ; 

JJTHO,  OLD  CHABLTOJT. 
KatJOHAl  T«leplLOD«a,  23  ft  116  Woolvub 


GomnietG  Pfant  fat* 

ELECTRIC   LIGHTING   STATIONS, 
IMULTIPKASE  TRANSMISSION   OF   POWER. 
ELECTRIC   DRIVING   OF   FACTORIES. 
ELECTRIC  TRACTION. 

M^ttufmciui^&rs  ai 

DYNAMOS.     MOTORS.     ALTERNATORS.     TRANSFORMERS. 

CARLES  AND  WIRES-       BROOKS*   MAINS. 

''JOHNSON    &    PHILLIPS' '*  ARC    LAMPS.  1  ^^^ 

THE  "ARK  '■  ENCLOSED  LONG-DURNINO  ARC  LAMP.  )  m  Im^ 

AMMETERS.      VOLTMETERS-      SUPPLY     METERS. 

INSULATORSp  TELEGRAPH    POLES,   &«. 

CABLE   MACHINERY.        &c.,   &c.,  &C- 


Hart  Accumulator  Co.,  Ltd., 

MARSHGATE  LANE,  STRATFORD,  E. 

Mmnufacturers  of  the 

Best  and  Most  Reliable  Storage  Battery 

IN     USE     ALL    OVER    THE    WORLD. 

#0ft(l  uB  youF  in§fuin§&B  ^nd  ioi  us  ifu€Bt&  you, 

FULL     PARTICULARS    ON     APPLICATION. 

Connolly  Bros.,  Ltd., 

BLACKLEY,    MANCHESTER. 

Insulated  Wire  and  Cable  Makers 

Sotm  $Manuim€siEMFmr9  o/  BLA  CKLEY  Tsfte^   moti  adh^sivo  ;    ihe 

I  Correspondence  in  Ff«nch^  German  and  Italian. 

T»/«^ Aone  t4a ,  2, 3Sf .  Teis&raphio  A cfdr^s :  *'  CONf^OLLYSj  BiAC KLE Y. ' *    Pms te  Cade 


WAYGOOD  &  OTIS,   Lfd. 

Xitt  noahers  to  Ib.flD.  tbe  Iking. 


ELECTRIC  LIFTS 

OF  ALL  KINDS 

FOR  PASSENGERS, 
GOODS,  ETC, 


lUlff 

Estimates 


I 


^  ^S^  €3-  O  O  X>     I     ImIM"J 

Electric,  HydraiiUc.  Bett-BrJven,  or  Hand  Power. 

And  4,    QUEEN   VICTORIA   STR^E^T.  I.>t5* 


L_ 


Reed's  Electrical  Engineering  &  Supplu  Go. 


tfead   Office  I    S3,    CANNON   ST.,    LONDON,    EX, 

'      GENERATORS. 


t  MOTORS. 
Hoi  Wire.    MEASURING  INSTRUMENTS  Recording 
I  EDISON-REEO  Incandescent  LAMPS. 

[  TRANSFORMERS. 

telesrams:  "RmOLETTO.  LONDON."  Telephone:  5535  BANK. 


ISENTHAIi  &  Co., 

85,    MORTIMER    ST.,    LONDON,    W. 

QleotTic   ^dating     .     .     . 


J^easuring   Jnstrumsiits 


Telegrams  :    "  Isenthai,,"  London. 
Telephone  ;    2099  Gehrarq. 


To    H.M.    GOVERNMEMT. 


J"'^^ 


^.^^*> 


H  I  ■   By  X    ^OLNyXFiif  Cylinders, 

I       II  ^^"^^X  "VALVOUHE." 

^LJ    P/^'\CV>"QUINTUPE"  (Superheat), 
^^I^F   y  \>^/"  TRIPLE"  (High  Pressure). 

/  -^C.        XFof  Dynamos,  "DYNMOTOR  OIL' 
'\;AyXFor  Enclosed  Engines, "  CHAMBERIHE." 
y     rt^^^^/  '' LICHTRUH"M<itor,Su8penBion&A»leCreaso 

:^yAhm  LiGHiTsoH,  ltd. 


CJ.  8.,  L(e:ht,  J.  Barr  Ad«u¥i«  &  John  QoMfan^  Dlrfrctopft.) 

eOKTIUGTOIf  TO  H.M.  HfVY, 
WJIR  OFROE,  CROVITN  AOEKTS  FOR 
THE  COLOHIEfl,  MIR&EY  DOCKS  AND 
UAmWJt  BOAWB,  ilC. 


LIVERPOOL. 


J 


The  fireville  Electric  Inventions 


ipriclun   and    MmiiLLFA.'turcra   u)    tlic   iiudi:rnirtiLi(>n€^ 
E'ateiiiled  liiventioiiA  :— 

f.  Medicai  Ehotro  Thermh  Ge/jerafor, 

2.   The  EiectrtG  ^*  UghthQuse"  Stove, 

S.   Tha  Ehctrh  '*  Stin  '*  Drawing-Room  Stove. 

4.  The  f/ecfWc  Bath  Geyser, 

5.  Eteztric  Water  Healers ^  Bi^itabie  for 
RestA'jr&ntSt  Hair- Dressing  EstabfishmentSf 
Dentists'  and  Surgeons'  Operating  Rooms,  and 
for  Domestic  Purposes. 

6.  ThB  Eieotric  Oven  for  Cooking  Pt/rposes. 
7>  The  Hew  BleGtrh  Sea  Battery. 

8.  The  Hew  ilumwium  Bhctricity  Accumit' 
iatar. 

9.  Th3  '* Aladdin"  £iectric  Candle  Lamp 
and  ni:iny^:»tber  Electric  Novdties, 

For  Descriptive   C&taloc^MO,    Pri««   Liat,  «nd    Dthar  Inftormxtioftp    write 
or  epjciljf  to  th«   Manager  at  th*  above  endflreiPe* 


f 


Ui 


THE  "DEY " 


•       • 


TIME  REGISTER 


r/te  ff*aa/  pet- fed  and 

reiiahie     Timet    Ret^&p^iHt 

in  iho  Wvrta* 

Ma  Kmy»r  Tatties 0  Gh^ekm 
0r  Gartis^ 

if  BOO  gtcrmans  r^egimi&fmtt 
in  tiv&  minuf&mm 

Cverjf  tl/tacftine 

Sfuaraniemtt, 


HOWARD  BROS., 

10,  St.  George's  Crescent, 

LIVERPOOL, 
tQQc,  Queen  Victoria  St., 


IM  RUBBER,  GUTTA  PERCHA,  AND 
IGRAPH  WORKS  COMPANY,  Ltd., 

Electrical  JBuQinccvQ, 

m\nm  dynamos,  motors,  and  cables. 


BRANCH  WAREHOUSES; 


iRPOOL    ... 

DFOED,  TOBKSHIEE 

FTIELD     ,.. 

DITF 

ITOL 

rCHESTEE 

^CASTLE-ON-TYlfE 

rSMDUTH 

flNGHAM 

saow      ... 

PAST 


r 


54,  Gastle  Street* 

1,  Tanfidld  EuUdings,  Hustlergate. 

1,  Pitzalan  Square. 

Pierhead  Chambers,  Elite  Docks. 

28,  Clare  Street. 

9,  Sussex  Street  (Cit^r) 

59,  Westgate  Eoad. 

49,  Hi^h  Street 

27p  Albert  Street, 

S,  Eucliaiiaii  Street 

33,  Higli  Street, 

15,  St.  Andrew  Street 


FOREIGN    BRANCHES 


BOUENE  ... 
SfEY 

DUTTA     , 

NOS  AYEES 

[H  (Western  Australia) 


L 


TCHTJECH  (New  Zealand) 
(BANE  (Queensland) 
rH  APBICA  :— 
JEB AN  (Natal)     .., 
piAWAYO   (Matabeleland) 


\ 


274,  Plindera  Street. 
279,  George  Street. 
1-1,  Fairlie  Place. 
Galle  Eeconquista  379. 
131,    Queen's    Buildings, 

Street 
234,  Cashel  Street 
Edward  Street. 

213,  West  Street. 
Willougbby  Buildings, 


William 


OFFICES  AND  WAREHOUSES 


G  k  100,  CAOOU  ST.,  LONDON,  E.G. 


"WORKS  : 


ILVERTOWN,  Essex; 

3Pe]?9a.2i    ( Seine -eti-Olae),  1B'k>s^icv^^«. 


The   "STEARN" 

enqltsl)  roade  Camps 

ARE  THE  BEST  ON  THE  MARKET  BOTtI  A3  TO 
EFF-ICIENCY       AKO       OURAXIOPf, 

HIGH-VOLTAGE    LAMPS, 


For  PHces  And  Full  Particulars  apply  to: 

ZURICH  INCANDESCENCE  UMP  CO., 


SIMPLEX 


"^  STEEL  CONDUITS 

EiecipfG  WgHnUm 
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